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ABSTRACT 


This  handbook  is  a  compilation  of  the  engineering 
properties  and  handling  characteristics  of  propellant- 
grade  hydrogen  peroxide.  The  handbook  includes  data 
and  information  on  hydrogen  peroxide  physicochemical 
properties,  production,  storability,  materials  com¬ 
patibility,  materials  treatment  and  passivation, 
facilities  and  equipment,  disposol,  transportation, 
safety,  and  decomposition. 
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SECTION  It  INTRODUCTION 


GBflSUL 

The  discovery  of  hydrogen  peroxide  was  reported  to  the  Paris 
Academy  of  Sciences  in  July  1818  by  Louis-Jacques  Thenard  and 
was  initially  described  as  oxidised  water.  The  discovery  was  a 
result  of  government-subsidized  research  on  the  preparation  of 
voltaic  cells.  Thenard,  in  working  with  alkaline  earth  oxides, 
discovered  that  the  reaction  of  barium  peroxide  with  cold  nitric 
acid  resulted  in  the  formation  of  "oxygenated  water."  Thenard 
then  conducted  a  fairly  extensive  study  of  hydrogen  peroxide, 
which  included  catalytic  decosq>osition  studies,  density  determi¬ 
nations,  measurements  of  the  volume  of  oxygen  released,  etc. 

Be  noted  extensive  supercooling  and  the  inability  to  achieve 
appreciable  concentration  increases  with  crystallisation  tech¬ 
niques.  Thenard  also  reported  that  vacuum  distillation  could 
continue  to  cosq>lete  dryness  in  the  reservoir  without  appreciable 
decomposition,  although  the  determination  of  normal  boiling  points 
was  impossible  because  of  decosytosition  of  the  hydrogen  peroxide. 
His  work  led  to  the  publication  of  several  papers,  which  are 
extensively  summarized  in  Hof .  1.1. 

Xu  u£b  work.  Thenard  cite*  reactions  with  some  I30  elements, 
oxides,  salts,  acids,  and  bases  with  frequent  notations  of 
decomposition  of  the  hydrogen  peroxide.  These  decomposition 
reactions  were  sometimes  accompanied  with  the  note  that  "in  these 
decompositions,  chemical  action  is  evidently  adssing;  it  is  neces¬ 
sary  then,  to  attribute  these  actions  to  a  physical  cause;  but  the 
actions  are  dependent  on  neither  heat  nor  light,  whence  it  follows 
that  they  are  probably  due  to  electricity"  (Ref.  l.i).  These 
"unexplained"  reactions  were  later  recognized  by  Berzelius  (Ref. 
1.2)  in  1336  in  the  first  notation  of  catalysts  and  catalytic 
activity- 
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Although  Thenard's  only  noted  usee  for  hydrogen  peroxide  were  in 
removing  sulfide  deposits  on  oil  paintings  and  as  a  skin  irritant 
for  Medicinal  purposes,  hydrogen  peroxide  and  its  aqueous  solu¬ 
tions  have  found  a  masher  of  commercial  applications  since  its 
discovery.  The  primary  bulk  of  this  coosercial  use  is  limited  to 
hydrogen  peroxide  grades  of  less  than  52  percent  weight; 

these  "industrial  grades"  hove  been  used  for  Many  years  in  tex¬ 
tile  and  pulp  bleaching,  synthesis  of  chenical  derivatives,  the 
Manufacture  of  foam  rubber,  the  oxidation  of  dyes,  the  purifica¬ 
tion  of  Metal  salt  solutions,  the  treatment  of  Metal  surfaces,  etc. 
The  requirement  for  higher  concentrations  and  their  subsequent 
commercial  development  was  based  primarily  on  the  establisluscnt 
of  hydrogen  peroxide  as  a  source  of  energy. 

ffydrogen  peroxide  (in  a  60  w/o  aqueous  solution)  was  first  uti¬ 
lized  as  an  energy  source  for  underwater  propulsion  in  Germany  in 
1934;  this  work  led  to  its  subsequent  application  (in  higher  con¬ 
centrations)  during  World  War  II  for  auxiliary  propulsion  and  gas 
generation  concepts  in  aircraft  and  rockets.  Its  use  iu  these 
areas  resulted  from  its  thermally  or  catal} tically  initiated  exo¬ 
thermic  decomposition  (with  substantial  heat  release)  to  yield 
a  gaseous  mixture  of  oxygen  and  superheated  steam.  Although  its 
advantages  as  a  monopropellant  include  a  47  w/o  available  oxygen 
content,  tig+*  density,  high  boiling  point,  unlimited  availability, 
and  nontoxic  exhaust  gases,  the  initial  areas  of  application  for 
hydrogen  peroxide  were  limited  because  of  its  questionable  stox‘- 
age  stability. 

The  use  of  hydrogen  peroxide  has  been  expanded  with  improvements 
in  it*  stability,  through  stabilization  additives  and  increased 
purification.  Currently,  hydrogen  peroxide  is  the  primary  mono- 
propellant  used  for  underwater  propulsion,  aerospace  propulsion, 
and  auxiliary  power  concepts,  hydrogen  peroxide/water  solutions 
con  now  be  stored  for  extended  periods  without  significant 
decomposition  (i.e.,  decomposition  rates  of  <  0.1  percent/year 
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art  readily  attainable),  Reaction  control  systeais  using  hydro¬ 
gen  peroxide  have  already  demonstrated  apace  atorability  in  exceaa 
of  2  yeara  (with  an  estimated  atorability  of  5  yeara). 

The  uae  of  hydrogen  peroxide  aa  a  monopropcllant  in  the  aeroapace 
lnduatry  haa  been  widespread  in  the  areaa  of  atation  Maintenance, 
apace  maneuvering,  thrust  vector  control,  power  generation,  etc. 

8 one  examples  of  systems  which  have  used  or  are  presently  utiliz¬ 
ing  hydrogen  peroxide  include  the  V-2  (gas  generator),  Redstone 
(gas  generator),  Mercury  Spacecraft  (reaction  control  system), 
8cout  (reaction  control  system — 2nd  and  3rd  stages),  Little  Joe  II 
(reaction  control  system),  Burner  II  (reaction  control  system), 
SATAR  (reaction  control  system),  ASSET  (reaction  control  system), 
122Y  (attitude  control  system),  Lunar  Landing  Simulator  (main 
propulsion  and  attitude  control  systems),  Astronaut  Maneuvering 
Unit  (main  propulsion),  SYNCQM  (reaction  control  system),  COMSAT 
(reaction  control  system),  HS-303A  "Blue  Bird"  (reaction  control 
ayetem),  ATS  (reaction  control  system),  Personnel  Rocket  Belt, 
and  X-15  (gas  generator,  reaction  control,  and  auxiliary  power 
systems).  Although  the  use  of  hydrogen  peroxide  in  operational 
bipropellant  systems  haa  been  limited  thus  far  to  extremely  high- 
performance  aircraft  rockets,  hydrogen  peroxide  is  potentially 
applicable  to  a  variety  of  liquid  bipropellant  and  hybrid  propel¬ 
lant  sy stews. 

This  widespread  application  potential  of  hydrogen  peroxide  has 
led  to  the  requirement  for  a  comprehensive  and  definitive  compil¬ 
ation  of  physical,  chemical,  and  handling  properties  of  this 
important  oxidizer.  As  a  result  of  this  interest,  this  handbook 
represents  a  current  summary  of  the  engineering  properties  of 
propellant-grade  hydrogen  peroxide.  Props Haul-grade  hydrogen 
peroxide  is  defined  in  this  report  as  high-purity  hydrogen 
peroxide/vater  solutions  in  which  the  hydrogen  peroxide  concen¬ 
tration  is  *  70  percent  by  weight,  Mithia  this  concentration 
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range  of  interest,  solutions  containing  7<\  75*  90,  95*  90*  and  100 
percent  by  weight  hydrogen  peroxide  have  boon  designated  as  con¬ 
centrations  of  special  interest. 


HANDBOOK  FQHMAT 


The  material  contained  in  this  handbook  has  been  organised  into 
sections.  These  are: 


Section  1: 
Section  2: 
Section  "}: 
Section  4: 
Section  5: 
Section  6: 
Section  7: 
Section  8: 


Introduction 

Physico-Chemical  Properties 

Production 

Storage  and  Handling 

Transportation 

Safety 

Decomposition,  Stabilization,  and  Catalysts 
Bibliography 


Hack  section  is  subdivided  further  to  permit  the  user  of  this 
handbook  to  obtain  specific  information  expeditiously.  The 
material  is  arranged  in  such  a  manner  as  to  permit  convenient 
updating  of  various  sections  as  data  are  geusrated  from  addi¬ 
tional  studies  in  these  areas. 


‘The  interest  of  each  individual  user  may  be  limited  to  specific 
aspects  of  the  subject  material;  however,  it  is  recommended  that 
personnel  involved  in  ILO  handling  be  thoroughly  familiar  with 
all  of  the  engineering  properties  contained  in  this  report, 
t Although  every  effort  has  been  made  to  provide  presently  avail¬ 
able  information  on  H»>®2  9S1^ ficient  detail  for  most  of  the 

potential  users  of  the  handbook,  sisca  limitations  of  the  hand¬ 
book  obviously'  preclude  inclusion  of  every  conceivable  detoil, 
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Thus,  for  those  users  who  desire  Additional  details  on  specific 
ltsms,  consultation  of  the  many  referenced  publications  is 
recommended. 

Wherever  o  series  of  reports  or  popet'B  has  been  utiliird  to  report 
the  progress  in  a  particular  study,  the  data  and  information  ref¬ 
erenced  are  frost  final  reports,  whenever  applicable.  This  was 
done  to  eliminate  confusion  iu  efforts  where  progress  reports 
included  incomplete  experimentation  and/or  analysis  of  the  data. 

In  those  efforts  where  a  final  report  has  not  been  issued  or 
does  not  contain  sufficient  detail  of  the  item,  the  data  were 
taken  from  the  latoat  progress  report  containing  the  pertinent 
results . 

The  tables  figures,  and  references  noted  in  each  section  are  con¬ 
tained  iu  that  soction  for  convenience.  Each  table,  figure,  and 
reference  number  is  preceded  by  the  section  number  (i.e.,  Table  1.3 
is  the  third  table  in  Section  1,  etc.). 

Because  the  major  portion  of  this  handbook  is  related  to  areas 
of  engineering  interest,  all  of  the  data  ar  presented  in  engi¬ 
neering  terminology  (i.e.,  English  units).  However,  as  a  con¬ 
venience  to  all  of  the  users,  data  in  certain  sections  (notably, 
the  physical  properties  section)  of  the  handbook  arc  presented 
la  both  metric  and  English  units.  Where  data  are  presente  1  in 
both  units,  the  attendant  discussion  indicates  the  units  of  the 
referenced  work. 

As  a  further  convenience  to  the  user,  physical  constants  and 
conversion  factors  are  presented  in  Tables  1.1  through  1.3  to 
enable  the  user  to  convert  the  values  to  his  particular  needs. 

Also,  because  these  constants  are  presented  to  the  known  dsgree 
of  significance,  they  can  bo  rounded  to  fit  particular  needs. 
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1.3 


acrauftCEs 


1.1  8chuab,  V.  C.f  C.  N.  Sattar field,  and  R.  L.  Vantvortli, 
Hydroflni  IVioiidc.  A.C.8.  Mouojirujdi  12B,  Htiahold  Publishing 
Corporation,  New  York,  New  York,  1955. 

1.2  Berxeiiua,  J.  J.,  Jahreaber,  Cham..  15.  2J7  (lB36),  *■  jp-e_ 
•anted  in  Ref.  1.1. 
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CABLE  1.1 


FHTSICAL  CONSTANTS 


Doll 

Remarks 

Vs  lue 

«c 

Standard  gravitational 
accclcratioa 

32.1740  ft/aec* 

980.66 5  cs/sec 

1  atai 

Standard  atmosphere 

1,013,250  djues/sq  cm 

1  ms  Hg 

Standard  millimeter  Hg 

1335.2237  dvnea/sq  cm 

1  cal 

Tbvraocbemica i  caloric 

4 . 1840  sbs  joules 
41.2929  to. 0020  cu 

•  cm-atm 

1  cal  (I  T.) 

International  StreaH 
Tables  calorie 

l.OOOt'54  tliermochem- 
icsl  calories 

*«c 

Ice  Point, 

491.6880  i-0. 018  R 
273.160  10.010  E 

(W-Cc  ■  (Kl)o  c 

Prer  nr«J Volume  product 

for  ide^r  £"•  at  0  C 

•  r_ 

22,414.6  10.4  cu  cm- 
• tm/g  mole 

2271.16  iO. 04  aba 
joules/g  mole 

R 

i  - 

Holer  dui„t#ut 

.  i 

S. 314>9  ±0.00034  abs 
joul«s/K-g  mole 

1.98719  ±0.00013  cal/ 

R-g  mole 

82.0567  ±0.0034  CU  C*i~ 
ata/E-g  stole 

59.4?  cu  ft-ats0l-lb 
Mole 

10.73  cu  ft-paia/R-lb 
stole 

1  Btu 

■ 

1055.040  obs  joules 
252.161  thenaocbemical 
calories 

251.996  I.  T.  calories 

X  in. 

Doited  States  unit 

2.54000508  cat 

1  ft 

United  States  unit 

30.4800610  cat 

1  lb 

Avoirdupois 

453.5924277  g 

1  sal 

Doited  States  unit 

0.133680555  cu  ft 
3785.43449  cu  e. 

Mete:  Compiled  by  Beeiini,  F.  P.  jt  iJU  American  Petrol  ecus  iBjtitute 
Research  Project  44.  U.S.  Department  o?  Conerce,  Nitl.  k.'. 
Standards,  Circa  la  r  461,  D.S.  Coveroaeut  Printing  Office, 
Washington,  D.  C.,  1947. 
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CONVERSION  FACTORS 


Temperature 

C  +  273.16  -  K 
F  +  459.69  -  R 
(C  x  1.8)  +  32  »  F 
(F  -  32)/ 1 .8  -  C 
K(l.8)  -  R 

Pressure 

atm  x  14.69618  ■  psi 
1  •  mm  Dg  x  0.00131579  *»  atm 
■1  Eg  x  0.019337  -  psi 
g/sq  cm  x  0.00096784  *  atm 
g/sq  cm  x  0.0142234  =  psi 
bars  x  0.98692  =  atm 
bars  x  14.504  =»  psi 
mega ba ryes  x  1  «  bars 

■  y,  > 

.  Mass 

f.‘ 

grama  (mass)  x  0.002204622  *•  pounds  (mass) 

Length 

centimeters  x  0.393700  -  inches 
centimeters  x  0.032808  *  feet 

Area 

square  centimeters  x  0.15500  «  square  inches 
square  centimeters  x  0.0010764  =  square  feet 
square  feet  x  144  -  square  inches 
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TABU  1.2 
(Concluded) 

Viscosity 

centipoises  x  0.672  x  10”-*  -  lbf/ft-sec 

centistokes  x  1.076  x  10~J  ■  eq  ft/sec 

(kinematic  viscosity)  x  (density)  -  (absolnte)  viscosity 

Thermal  Conductivity 
(cal/cm-sec-C)  x  241.8388  -  Btu/ft-hr-F 

Velocity  of  Sound 
(m/sec)  x  3.28083  -  ft/eec 

Compressibility 

(sq  cn^/dyne)  x  1.01325  x  10^  ■»  atm 
(eq  ciq/dyne)  x  6 . 8947  x  1Q^  «  psi  * 


Vi  • 


9 


TABLE  1.2 
(Continued) 


Volume 

cubic  centimeters  x  0.061023  ■*  cubic  inches 
cubic  centimeters  *  3-531445  *  10-5  -  cubic  feet 
cubic  inches  (U.S.)  x  5-78704  x  10"^  -  cubic  feet 

Time 

seconds/60  ■  minutes 
seconds/ 3600  ■  hours 
seconds/66,400  -  days 

Force 

dynes  x  0.00101972  -  grams  (force) 

grams  (force)  x  0.00220462  -  pounds  (force) 

Density  and  Specific  Volume 

(g/cu  cm)  x  62.43  -  lb/cu  ft 
(cu  cm/g)  x  0.016018  -  cu  ft/lb 


Surface  Tension 

(dynes  /cm)  x  6.8523  x  10~5  «  lbf/ft 

Thermodynamic  Properties 

(cal/g  mole)  x  1.8  -  Btu/lb  mole 
(cal/g  mole-  10  x  1  -  Btu/lb  mole  -  R 
(Btu/lb  mole)/mol.  vt  -  Btu/lb 
(Btu/lb  mole-  Jl)/»ol s  vt  -  Btu/lb  -  E 
(Cal/g)  x  1.8  -  Btu/lb 
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SECTION  2:  H£l£SICO-CH£MlCAL  mOPlKTIIS 

2.1  GEMffiAL  DESCRIPTION 

i 

hydrogen  peroxide  is  a  chemical  compound  with  the  empirical  formula 

B000.  Because  of  the  compound's  complete  miscibility  with  water 
'  **  » 

above  32  F,  hydrogen  peroxide  is  commercially  available  in  aqueous 
solutions  at  concentrations  to  ~98  percent  by  weight  H^O^. 
Propellant-grade  hydrogen  peroxide  has  generally  been  limited  to 
aqueous  solutions  2  70  w/o  with  regulation  of  the  concentra¬ 

tions  and  impurity  levels  of  the  more  frequently  applied  propellant 
grades  by  government  procurement  specifications. 

Bydrogcn  peroxide  and  its  aqueous  solutions  arc  water-like  in 
appearance  in  both  the  liquid  and  solid  states.  Although  hydrogen 
peroxide  is  generally  considered  odorless,  the  odor  of  high  vapor 
concentrations  has  been  described  as  sweet  and  comparable  to  the 
odor  of  weak  concentrations  of  ozone  and  the  halogens.  Aqueous 
hydrogen  peroxide  solutions  are  more  dense,  slightly  more  viscous, 
and  have  higher  boiling  and  lower  freezing  points  than  water. 

Although  hydrogen  peroxide  solutions  are  normally  insensitive  to 
shock  and  impact  and  are  nonflammable,  they  are  active  oxidizing 
materials  and  can  decompose  exothennally  to  yield  water  and  oxygen. 
Because  of  their  strong  oxidizing  nature  and  the  liberation  of 
oxygen  and  heat  during  their  decomposition,  propellant-grade 
solutions  can  initiate  the  vigorous  combustion  of  many  common 
organic  materials  such  as  clothing,  wood,  wastes,  etc.  In  the 
absence  of  contamination,  propellant-grade  hydrogen  peroxide 
solutions  are  relatively  stable  (nominal  decomposition  rates  are 
0.1  percent  per  year)  over  ambient  temperature  ranges.  However, 
in  the  presence  of  higher  temperatures  and/or  various  contaminants 
(including  many  inorganic  materials),  the  decomposition  rate  is 
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drastically  increased.  Rapid  decomposition  ecu  occur  in  situations 
vlierc  extreme  temperature  levels  and/or  mass  contamination  are 
present.  As  the  decomposition  rate  increases,  the  attendant  heat 
release  causes  additional  decomposition;  this  bootstrap  effect 
can  lead  to  a  runaway  reaction. 

Hydrogen  peroxide  is  normally  stored,  shipped,  and  handled  as  a 
liquid  under  its  own  vapor  pressure  with  provisions  for  relief  of 
pressure  buildup.  When  stored  and/or  transferred  in  clean,  pass¬ 
ivated,  compatible  systems  by  properly  educated  and  trained  person¬ 
nel,  hydrogen  peroxide  does  not  present  a  serious  storage  or 
handling  problem. 

2.2  PHYSICAL  PROPERTIES 

A  majority  of  the  physical  properties  of  propellant-grade  solutions 
of  hydrogen  peroxide  have  been  experimentally  characterized  (or  ana¬ 
lytically  extrapolated)  with  a  reasonable  degree  of  accuracy  over 
ambient  temperature  ranges.  However,  because  of  the  increasing 
decomposition  rates  of  these  propellant  solutions  with  increase 
in  temperature,  very  few  measurements  have  been  conducted  above 
200  F.  In  addition,  the  accuracy  of  data  is  questionable  in 
temperature  ranges  where  decomposition  rates  are  relatively  high. 

This  is  evident  in  the  discontinuity  of  some  of  the  data  at  the 
higher  temperature  ranges. 

It  should  also  be  noted  that  the  data  reported  for  "pure"  (or 
100  v/o)  1^2  questionable  since  there  is  some  doubt  as  to  the 
existence  of  Hr,0Q  concentrations  above  99.7  to  99.8  v/o.  Some  of 
the  data  reported  for  100  w/o  II., 0,,  were  obtained  by  extrapolation 
of  property  data  of  solutions  of  lover  concentration,  vhile 

other  experimental  measurements  reported  on  "100  v/o"  *nt*~ 

ented  propellant  assays  of  "99+  percent,"  "99  A0.5  percent,"  etc. 
Even  for  most  of  those  studies  which  report  the  H.,0,,  concentrations. 
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.the  Methods  of  determining  these  concentrations  are  not  reported 
or  are  based  on  an  assumption  of  purity  related  to  the  purifica¬ 
tion  technique. 

Although  it  is  suspected  (because  of  discontinuities  in  the  data) 
that  many  of  the  measurements  on  the  "100  w/o"  II^O,,  represent,  in 
reality,  measurements  on  Ho0o  of  lower  concentrations,  p' operties 
are  reported  for  100  w/o  II,/)  0  wherever  on  extrapolation  (from 
lower  concentrations)  seems  reasonable.  This  characterization  is 
of  academic  interest  only  because  ~  98  w/o  HgO^  is  the  highest 
concentration  presently  available  commercially.  FXiturc  aerospace 
industry  utilization  of  higher  concentrations  appears  unlikely 
because  of  practical  and  economical  considerations. 

Nominal  values  for  physical  property  data  that  are  recommended  as 
the  most  representative  of  the  existing  data  are  summarized  for 
the  "100",  98,  95,  90,  75,  and  70  w/o  hydrogen  peroxide  grades 
in  Table  2.1.  All  of  the  data  presented  are  direct  experimental 
determinations  or  are  derived  from  curve-fits  of  the  experimental 
data,  except  for  those  data  referenced  with  an  asterisk;  the  data 
referenced  with  an  asterisk  were  a  result  of  calculations  made 
during  the  referenced  work  and  based  on  standard  analytical  cor¬ 
relations  and  physical  relationships.  The  absence  of  data  on  a 
particular  property  is  denoted  by  blank  spaces  in  the  tables. 

Properties  lor  which  property-temperature  relationships  have 
been  satablished  are  noted  in  Table  2.1  with  a  figure  or  another 
table  number;  the  corresponding  property- temperature  relationships 
are  shown  in  Fig.  2.1  through  2.23* and  Tables  2.2  through  2.17. 

The  graphical  illustrations  represent  either  curve-fits  of  the  best 
available  experimental  data  or  analytical  estimations  of  the 
property;  curve-fits  of  experimental  data  are  noted  with  a  solid 
line,  while  a  dashed  line  designates  calculated  data*.  Equations 
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resulting  from  computer  curve-fits  of  some  of  tlic  data  are 
presented  in  attendant  discussions. 

The  origin  of  the  selected  data  is  referenced  in  each  table 
and  figure.  A  brief  discussion  the  available  data  for 
each  property  is  presented  in  the  following  paragraphs. 


2.2.1  General  Identification 

The  physical  classifications  under  general  identification 
are  those  properties  that  are  used  to  identify  hydrogen 
peroxide  and  its  physical  state. 


2.2, 1.1  Molecular  Weight,  The  molecular  weight  of  hydrogen  peroxide 
was  experimentally  determined  by  freezing  point  depression 
(lief.  2.1  and  2.2)  and  vapor  density  (Ref.  2.3)  measurements. 

The  results  of  these  studies  are  compurable  to  the  value  of 
3^.016  calculated  from  the  International  Atomic  Weights. 

The  mole  percent  and  apparent  molecular  weight  as  a  function 
of  weight  percent  11_0_  for  various  rsquooun  solutions  of  as 

shown  in  Fig.  2,1,  were  calculated  from  the  molecular  weights 
of  KLO  and  ILO  based  on  the  International  Atomic  Weights. 


2.2. 1.2  Freezing  Point.  The  determination  of  freezing  and  melting 

points  of  H2°2~^2®  solutions  is  relatively  difficult  because 
of  the  large  degree  of  supercooling  possible  with  these  solu¬ 
tions.  In  addition,  phase  equilibrium  measurements  (Ref.  2.2) 
have  indicated  that  solid  solutions  arc  not  formed  in  the 
solidification  of  concentrated  (greater  than  65  v/o  ^0^) 
aqueous  solutions  of  UgO^;  instead,  the  solid  consists  of 
crystals  of  Il^Og  with  occluded  mother  liquid.  Thus,  the 
range  of  temperatures  over  which  the  material  melts  or  freezes 
is  a  function  of  the  crystallization  pattern  of  the  HgO^. 
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The  freezing  point  of  "100  percent"  ^afii  been  reported  as 

-0.-.6I  C  (31.17  P),  -0.43  C  (31.23  I'), and  -0.41  C  (31.26  F) 
in  Ref.  2.2,  2.4,  and  2. 5.  respectively.  Rased  on  a  reported 
sample  purity  of  99.97  n/o  Ho0o,  ^hc  freezing  point  deter- 
tei nation  of  Ref.  2.4  was  selected  as  representative  of  100 
percent  H^O^.  Measurements  of  the  freezing  points  of  aqueous 
solutions  of  IL,0o  (Ref.  2.2)  indicate  eutectics  at  45.2  w/o 
1^0,,  and  -52.4  C  (-62.3  F),  and  at  61.2  v/o  H.,0^  and  -56.5  C 

4*  4-  4.  4a 

(-69.7  F).  The  results  of  these  measurements,  which  arc 
graphically  illustrated  in  Fig.  2.2  ond  2.2a,  represent  the 
temperatures  at  which  20  to  30  percent  of  thy  liquid  had 
solidified.  Experimental  melting  point  studies  (Ref.  2.6), 
based  on  observation  of  the  temperature  at  which  melting  was 
complete,  resulted  in  slightly  higher  melting  temperatures  for 
concentrations  above  60  w/o  HgO^. 

A  variety  of  experimental  studies  have  produced  no  signifi¬ 
cantly  effective  freezing  point  depressants  for  propellant- 
grade  HgOr,  solutions.  These  studies,  described  in  detail  in 
Ref.  2.3  and  2.6  through  2.9,  have  shown  that  many  additives 
will  form  unstable  or  shock-sensitive  mixtures  with  H^0o. 


2,2. 1.3  Triple  Point.  The  triple  point  of  99,97  m/o  R^O,,  v°®  estimated 
as  272.74  K  (-0,42  C  or  31.24  F)  from  experimental  heat  of 
fusion  studies  (Ref.  2.5).  Although  no  vapor  pressure 
measurements  have  been  mode  on  solid  HgO^,  ^he  vapor  pres¬ 
sure  at  the  triple  point  has  heen  calculated  (Ref.  2.10)  as 
0.26  mm  Hg  (0.005  psia). 


2.2, 1,4  Normal  Boiling  Point.  The  normal  boiling  points  of  propellant- 
grade  H^0o.  solutions  have  not  been  experimentally  determined 
by  conventional  means  since  these  points  are  in  a  temperature 
region  where  thersuil  decomposition  of  the  RgO,, 

The  normal  boiling  points  listed  in  Table  2.1  and  Fig.  2.3 


t 
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for  propel lant-grode  solution*  represent  extrapola¬ 

tions  of  the  vapor  pressure  data  of  Section  2.2.2 .4  to  1 
atmosphere  of  pressure.  Other  references  (i.c.,  Ref.  2.11 
and  2.12)  give  very  similar  boiling  points  even  though  these 
temperatures  vcrc  calculated  front  extrapolations  of  different 
individual  sets  of  vapor  pressure  data.  The  correlation  of 
these  individual  sets  of  data,  which  results  in  the  newly 
calculated  normal  boiling  points,  is  discussed  in  Section 
2.2.2. 4. 


2.2. 1.5  Critical  Properties.  There  has  been  no  experimental  deter- 
"  niuations  of  critical  properties  of  ILO„  since  the  compound 
undergoes  extensive  decomposition  before  the  critical  tempera¬ 
ture  is  achieved.  However,  because  this  property  ia  of  academic 
interest,  the  critical  temperature  bus  been  estimuted  by 
-  assuming  that  the  critical  tempera ture/boi ling  point  ratio 
of  H2°2  i8  equal  to  that  of  water,  liased  on  this  technique, 
o  critical  temperature  (Tc)  of  458.8  C  (857.8  F)  has  been 
.  reported  for  100  w/o  (Rcf*  2.11);  another  value  of 

45?  C  (855  F)  for  100  w/o  ILO^.  which  was  alluded  to  in 
Ref.  2.12,  was  reported  in  Ref.  2,10.  Using  a  vapor  pres¬ 
sure  equation  established  in  Ref,  2.12,  the  critical  pressure, 
P^,  was  calculated  (Ref.  2.10)  as  214  atmospheres  (3140  pain) 

at  the  latter  T  . 

c 

Using  the  estimated  boiling  point  given  in  Table  2.1  and 

correlation  technique  described  above,  a  T  of  733  K  (460  C, 

c 

860  F)  is  recommended  for  100  w/o  H^Og.  An  estimation 

technique  suggested  in  Ref.  2.12  (P  /l  is  equivalent  for 

c  c 

both  HgOg  and  II^O)  resulted  in  a  calculated  and  recommended 

Pc  of  247  atmospheres  (3630  poia)  for  100  w/o  llgO,,  U8*ag  the 

T  value  of  733  K.  Pseiadocriticn  1  constants  were  calculated 
c 

for  the  propellant-grade  HgOg-IlgO  solutions  through  the  use 

of  Kay's  method  (Ref.  2.13);  the  results  of  these  calcula¬ 
tions  are  shown  in  Table  2,1  and  in  Fig.  2.3. 
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2.2.2 


Biase  IVopcrtics 


Those  properties  of  hydrogen  peroxide .which  are  associated  with 
one  particular  phase  (cither  solid,  liquid,  oi  gas)  have  been 
grouped  os  phase  properties. 


2.2.2. 1  Density.  A  density  of  1.70  gm/cc  ( 106. 76  lb/cu  ft)  was 

computed  for  solid  100-percent  Uj^o  *ro®  X-ray  diffraction 
Measurements  (lief.  2.14)  ot  -20  C  (-4  F) .  Density  measure¬ 
ments  on  solutions  during  cooling  and  freezing 

(Ref.  2.1^)  indicated  that  true  solid  solutions  of  U^0oand 
HgO  were  not  formed;  this  was  later  verified  in  Ref.  2.2. 

Since  the  occlusion  of  the  mother  liquor  occurred  in  freezing, 
the  measured  densities  were  a  function  of  the  freezing 
"technique.  However,  it  was  noted  (Ref.  2.15)  thut  solutions 
containing  <  45  V/o  HgOg  expand  during  freezing  and  solutions 
>  65  w/o  HgG,,  conduct  during  freezing. 


Experimental  dc terminations  of  the  liquid  densities  of  various 
B20o-Ho0  solutions  were  reported  as  a  function  of  composition 
in  Ref.  2.6  (at  0  and  IS  C),  Ref.  2.0  u  W»  ttef.  2.1o  tat 
20  C),  and  Ref.  2.17  (at  0,  10,  25,  50,  and  96  C).  In  addition, 
experimental  studies  have  determined  the  density  of  90  w/o  li^O^ 
from  76  to  195  C  (Ref.  2.18),  and  the  density  of  98  v/o  HgO^ 
from  27  to  105  C  (Ref.  2.19).  The  data  from  these  six  studies 
were  simultaneously  curve  fitted  by  a  least-squares  computer  pro¬ 
gram,  end  the  following  equation  was  found  to  adequately  (actual 
deviation  for  each  experimental  point  was  <  0.002  gm/cc)  describe 
the  data  from  0  to  193  C  (32  to  379  F)  over  a  concentration  range 
of  60  to  100  w/o  ^0  . 
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p(  g*/ccJ  “1.0479  +  2.455  *  10"\  +  1.781  x  10~V-6.76  x 

lO~4T^-2.4  x  l0“7f^c)2-5.98  x  IQ'6*!^) 

where  W  is  weight  percent  U^O  . 

Converting  to  English  units,  this  equation  becomes: 

p(lb/cu  ftj  -  66.166  +1.577  *  10" *¥  +  1.112  x  10 “V  - 

2.31  x  lO’2!^  -4.7  x  10‘6T^2  -1.38  x  10 "Vs^ 

The  curves  described  by  these  equations  arc  graphically  illus¬ 
trated  for  proj>cllani-grade  ItjOg  *‘>lu<'iona  1“  Fig.  2.4  and 
2.4a,  respectively. 

Experimental  vapor  density  measurements  (Ref.  2.?)  at  92 
C  (165.6  P)  ahovthat  HgO^  is  not  associated  in  the  vapor 
state.  If  it  is  assumed  that  no  decompooition  occurs,  the 
vapor  ,'ensity  may  be  calculated  through  uae  of  the  perfect 
gas  lav. 


2.2. 2. 2  Coefficient  of  Thermal  Expansion.  Using  the  curve  fits  of  the 
density  data,  the  coefficients  (cubical)  of  tbeic^al  expansion 
were  calculated  for  propellant-grade  JlgOg-EgO  solutions  from 
0  to  100  C  (32  to  212  F)  through  the  following  relationship: 
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Curve  fits  of  those  calculations  are  presented  in  Fig.  2,5 
and  2,5a. 


2.2, 2,5  Compressibility.  The  adiabatic  compressibilities  of  «2°2 

solutions  were  calculated  (Ref.  2.16)  from  experimental  density 
and  sonic  velocity  data  covering  a  temperature  range  of  3.5 
'  "  to  33.5  C  (38.3  to  92.3  F)  and  a  concentration  range  of  0  to 
.  93.4  m/o  (0  to  96.5  w/o).  These  data  were  used  to  plot  the 

adiabatic  compressibilities  of  propellant-grade  solutions 

shown  in  Fig.  2.6  and  2.6a. 

Although  no  experimental  data  have  been  reported  on  the  isother¬ 
mal  compressibility  of  II^O^ »  the  adiabatic  compressibility, 
density,  and  heat  capacity  data  were  used  to  calculate  (Ref. 2.16) 
on  isothermal  compressibility  of  26.514  x  10  cm  /dyne 
(26.865  x  1G"6  atm  1,  18.281  x  10~^  pBia-1)  for  100  w/o  H^O,, 
at  20  C  (68  F). 

2, 2.2. 4  Vapor  Pressure.  The  vapor  pressure  data  resulting  from  four 
different  experimental  measurements  (Ref.  2.11,  2.12,  2.20, 
and  2.21)  on  various  aqueous  solutions  of  1^2  over  temperature 
ranges  of  0  to  90  C  (32  to  194  F)  have  been  correlated.  Using 
a  least  squares  curve-fit  computer  program,  these  data  were 
curve-fitted  writh  the  following  equations  (in  the  metric 

syo  otfiu ) : 

100  w/o  ILO,  log  8.92536-2482.60  -24675 

V)  V) 

98  w/o  H20»  log  ^  =  7.89728-1797.84  -154089 

V)  I(k)2 
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7-68235  - 


r-m »/?... "A,  >»«  Bg) 

V*LskJ^>a  <*(«  „6) 

log  p(_  Hg) 

70,  o/o.  HgOg  log  P(un  IIg) 


7.67297 


7. 39108 


7.42560 


1647.17  _  154665 


T(K) 
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1606.47 

152563. 

T(K) 

iji  2 

t(k) 

155L86 

185863 

*« 

T  2 

(K) 

1354.10 

181798 

T(K) 

t(k)2 

Converting  these  equations  to  English  units  resulted  in  the 
following: 


Igp  “/o  MJ>,2  log  P(psia) 
.58.  >^0,11^  log  F(p8.a) 

>«*  P(p3iB) 


90  w/o  H202 


log  P/  .  \ 
(psia) 


lO-^JIggg 


log  P/  .  \ 
(psia) 


-  7.21175 


-  6.18367 


=  5.96874 


=  5.95936 


«  5.67747 


-  5-71199 


4468.68 

79647 

t(r) 

2 

(R) 

3236.11 

434448 

Too 

W 

2964.91 

501115 

t(r) 

T  2 
(r) 

2891 .65 

510504 

t(r) 

T  2 

T(n> 

24^101  _ 

602196 

t(r) 

_  2 
t(r) 

2411^8  _ 

589026 

t(r) 

T  2 

(B) 

22 


The  equations  are  illustrated  graphically  in  Fig.  2.7  and  2.7a, 
where  the  data  are  extrapolated  to  temperatures  above  90  C 
(194  F)  by  assuming  a  linear  relationship  between  the  tempera¬ 
tures  for  which  HgOg  solutions  and  water  have  the  same  vapor 
pressures.  These  extrapolations  were  used  to  determine  the 
pseudo-boiling  points  (the  temperatures  where  the  pressures  ore 
equivalent  to  760  mm  Hg)  of  the  propellant-grade  H„0o  mixtures. 

4s  4a 


2  .2 .2 .5  Vapor-Liquid  Equi librium.  Vapor-liquid  equilibrium  compositions 
of  ^2®2'"^2^  solutions  were  determined  experimentally  in  two  dif¬ 
ferent  studies  (Ref.  2.12  and  2.2l).  Although  comparable,  there 
arc  slight  differences  in  the  data  at  some  of  the  temperatures. 

The  data  of  Ref.  2.12  were  used  in  Ref,  2.22  to  plot  vapor  com¬ 
position  and  vapor-liquid  equilibrium,  and  to  calculate  and 
plot  activity  coefficients  for  the  system.  These  plots  are 
shown  in  Fig.  2.8  through  2.10. 

Calculations  (Ref.  2.23)  of  saturation  pressure,  activity  coef¬ 
ficients,  and. vapor  compositions  have  been  made  for  three  dif¬ 
ferent  HgOg-H^O  solutions  (90,  81.5,  and  65.4  w/o)  at  high 
temperatures  and  pressures.  The  computation  of  these  data, 
which  are  shown  in  Table  2.2,  are  described  in  detail  in  Ref. 

2.23-  Although  these  computations  were  based  on  assumptions 
of  constants  that  are  different  (critical  tempera¬ 
ture  ■  457  C,  pressure  ~  215  atmospheres) from  the  values 

recommended  in  this  handbook,  corrections  to  Table  2.2  are  slight. 

2. 2. 2. 6  Surface  Tension.  The  surface  tensions  of  HgOg-ll^O  solutions 
have  been  experimentally  determined  (Ref.  2.24)  as  a  function 
of  composition  at  0  C  (32  F)  and  20  C  (68  F) .  Graphical  repre- 
rsntations  of  the  data  are  shown  in  Fig.  2.11  and  2.11a. 
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2. 2. 3  ^Thermodynamic  Properties 

The  HgOg  properties  which  define  energy  changes  in  the  physical 
transitions  through  the  various  solid,  liquid,  and  gaB  states, 
as  well  8b  in  chemical  changes,  have  been  listed  under  thermo¬ 
dynamic  properties . 


2.2.3-  1  Heat  of  Formation.  The  heats  of  formation  (AHp)  of  propellant- 

grade  HgOj,  solutions  were  calculated  in  this  study  from  heat  of 
dissociation  data  given  in  Ref.  2.25.  Heat  of  fusion,  heat  of 
vaporisation,  heat  of  mixing,  and  heat  capacity  data  used  to 
characterize  the  heat  of  formation  over  a  range  of  temperatures, 

r. 

phases,  and  concentrations  are  given  in  subsequent  sections. 

Data  for  the  aqueous  solutions  are  presented  as  heats  of  forma*- 
tion  of  tl’  i  solution  (which  includes  the  heat  of  formation  con¬ 
tributions  of  both  HgO  and  HgOg,  an<*  mixing)- 

The  AHp  data  for  the  liquid  and  solid  phases  of  propellant- 
grade  solutions  are  given  in  Tables  2.3  through  2.8  and 

Fig.  2.12  and  2.12s,  Figures  2.13  and  2,13a  illustrate  the 
AHj.  of  the  liquid  at  25  C  (77  F/  as  a  function  of  composition. 
The  heats  of  formation  of  the  vapor  of  propellant-grade  H20q-Ho0 

solutions  are  given  in  Tables  2.9  through  2.14. 

•  . 

2. 2. 3- 2  Heat  of  Fusion.  The  heats  of  fusion  of  propellant-grade  Ho02 

solutions  were  taken  from  the  experimental  studies  of  Ref.  2.2; 
these  data  are  shown  in  Tables  2.3  through  2.8  as  the  change  in 
enthalpy  at  the  freezing  point. 


2. 2. 3-3  Heat  of  Vaporization.  The  experimental  data,  of  Ref.  2.2b  were 
used  to  plot  the  heats  of  vaporization  of  HgOg-HgO  solutions* 
ns  a  function  of  temperature;  curve-fits  of  the  data  at  0,  25, 
45,  and  60  C  (32,  77,  113,  and  140  F)  are  shown  in  Fig.  2.14 
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and  2.14a.  Heats  of  vaporisation  of  propellant-grade  HgO^ 
solutions  at  other  temperatures  can  be  obtained  by  computing 
the  difference  in  the  heats  of  formation  of  the  liquid  (Tables 
2.3  through  2.8)  and  vapor  (Tables  2.9  through  2.14)  phases  of 
the  H^O^-H^O  solutions  at  the  corresponding  temperatures  and 
I^jOo  concentrations . 


2. 2.3. 4.  Heat  of  Sublimation.  The  heat  of  sublimation  of  100  w/o  H„0 

- -  - - - -  '  2  2 

has  been  calculated  (Ref.  2.10)  from  the  heats  of  fusion  and 
vaporization  as  437-8  ca  l/gm  (824  Btu/lb) . 


2.2. 3- 5  Heat  of  Mixing.  Graphical  representations  of  the  heats  of  mix¬ 
ing  of  propellant-grade  solutions,  shown  in  Fig.  2.15 

and  2.15a,  were  plotted  from  smoothed  data  given  in  Ref.  2.26. 
i.These  data  represent  experimental  data  of  the  referenced  work, 
previous  experimental  studies  (Ref.  2.25),  and  their  extrapola- 
tion  to  higher  temperatures  for  comparison  with  the  experimental 
data  of  Ref.  2.12.  Excellent  agreement  is  noted  between  the 
data  of  Ref.  2.26  and  Ref.  2.12  except  in  the  20  to  30  w/o 
HgOg  concentration  range. 


2. 2. 3-6  .  Heat  of  Decomposition.  The  heats  of  decomposition,  graphically 

.  •  •  *  V  *  V 

represented  in  Fig.  2.16  and  2.16a,  were  converted  from  smoothed 
data  from  the  experimental  studies  of  Ref.  2.25-  The  figures 
illustrate  the  heats  of  decomposition  of  propellant-grade 
H„0  -H  0  Bolutiens;  with  decomposition  to  either  liquid  water 

.  i  i  2,  .  .  :  .*.•  ■  <  ■'  -0 :  l  ... 

'or  water  vapor.v  '  'l  >*/'  ••••'.'.**  v-y, 

.  ,  « '  • !.  4.:  1  v  ’■>  .  .k-' 

\  4.  •  \-v  \V  ..>  y  '  ' 


»  \  '  *  JY-  w  ,  .  „  '  . 

2. 2. 3-7  Heat  Capacity.  The  hfeat  capacities  of-  solid  and  liquid. -propel lant- 
grade  HgOg-HgO  solutions  are  shown  in  Tables  2.8  through  2.i3 


and  in  Fig.  2.17  sad  2. *7*  from  0  to  4&>  £  (0  to  720  R) 


The 


I 
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heat  capacities  of  solid  were  taken  from  the  data  of 

Bef .  2.5-  Since  solid  solutions  of  Ho0o  and  ILO  arc  not  formed 
in  the  concentration  region  of  interest,  the  heat  capacities  of 
the' solid  phases  of  propellant-grade  solutions  were 

assumed  to  be  the  sum  of  the  individual  heat  capacity  contri¬ 
butions  of  solid  IlgO  and  solid  HgOg. 


The  liquid  heat  capacities  were  curve-fitted  from  the  experi¬ 
mental  data  of  Ref.  2.25  and  2.26;  these  studies  indicated  that 
the  change  in  heat  capacity  of  an  H^O^-H^O  ao*u^i°u  °*  constant 
composition  over  the  indicated  temperature  range  was  of  the  order 
of  the  accuracy  of  the  experimental  data.  Experimental  measure¬ 
ments  of  liquid  heat  capacity  were  not  conducted  below  0  C 
(32  F) ;  therefore,  the  heat  capacity  was  estimated  in  this  re¬ 
gion  using  the  heat  capacity  of  supercooled  H^O  and  the  extra¬ 
polated  heat  capacity  contribution  of  the  H^Og. 


During  experimental  heat  transfer  studies  at’  relatively  high 
temperatures  (Ref.  2.18),  the  heat  capacities  of  90  w/o  Hg°g 
were  indirectly  determined  from  heat  transfer  data  over  a  tem¬ 
perature  range  of  240  to  380  F.  An  equation  was  developed  for 
the  data  which  indicated  an  increasing  deviation  of  the  experi¬ 
mental  data  from  the  curve  fit  of  the  data  with  increasing 
temperature.  The  differences  in  these  data  from  extrapolations 
of  the  data  presented  in  Fig.  2.17  and  2.17a,  which  are  ^O.Ol 
,  Btu/lb-F  (cal/gm-C),  ere  assumed  to  be  the  .result  of  HgOg  de¬ 
composition  in  the  experimental  study.  ' 


The  heat  capacities  of  the  vapor  phase  of  propellant-grade  HgOg 
solutions  are  given  in  Tables  2.9  through  2.14.  The  origin  of 
these  data  is  discussed  in  Section  2. 2. 3. 9. 


2.2.38 


• 


i 


Enthropy  and  Enthalpy.  The  entropy  and  enthalpy  of  the  solid 
arid,  liquid  phases  of  propellant-grade  HgOg  solutions  were  cal¬ 
culated  froifc  the  other  thermodynamic  functions  given  in  Tables  2.3 


'  • .  vN  .• 


>  "  'v  vV  -  ' 


2$ 
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through  2.8.  The  basis  for  the  vapor-phase  entropy  and  enthalpy 
data  on  propel lant-grade  Ii^0o  solutions,  given  in  Tables  2.9 
through  2,14  is  discussed  in  8ection  2. 2. 3.9- 


2. 2. 3. 9  Vapor-Phase  Thermodynamic  Properties.  The  themodynasiic  proper¬ 
ties  of  hydrogen  peroxide  vapor  were  calculated  (Ref.  2.27)  from 
structural  data.  These  data,  which  replaced  earlier  reported 
data  (Ref.  2.28),  were  based  on  new  spectroscopic  measurements 
(Ref.  2.29)  and  new  calorimetric  data  (Ref.  2.3  and  2.23).  The 
primary  difference  in  the  presently  accepted  values  and  those 
reported  earlier  are  in  the  internal  rotation  values. 


The  structural  values  used  by  Ref.  2.27  in  the  computation  of 
the  vapor-phase  thermodynamic  properties,  given  in  Tables  2.9 
through  2.14,  are: 

r  0-H  -  0.965  A 
r  0-0  -  1.49  A 
0t  00H  ■  100  degrees 
<p  «95  degrees 
I/l  *  2.785  *  10_^gm-cm2 

t  ,i  n  .  n — 40  2 

I0  m  34.0  x  10  gm-cm 

Ic  «  53.8  *  1CT40  g»-cK9 

I_  ,  »  0.696  .x  lO'^gm-cm2 

tiea 

2.2.4  Transport , Properties 

e 

All  properties  of  propellant-grade  solutions  of  HgO^  that  in¬ 
volve  the  transfer  of  mass  or  energy  at  -.he  molecular  level 
are  presented  in  the  following  paragraph! , 


Uj  -  3610  cm 
U2  -  1350  cm'1 

-  880  cm-1 

■  520  cm"1 

l)_  -  3610  ca*"1 
5 

-  1266  cm  1 
U  «*  2 
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2.2.4. 1  Viscosity .  Experimental  dctcrainations  of  the  viscosity  of 
liquid  UgOg-IlgO  solutions  ranging  in  composition  from  0  to 
100  w/o  >  have  been  reported  in  Ref.  2.6  (0  and  18  C) , 

Ref.  2.24  (0  and  20  C),  and  Ref.  2.22  (0,  25,  and  5«  C) .  Curve- 
fits  of  these  data  at  0,  20,  25,  and  50  C  (32,  68,  77,  and  122  F) 
are  graphically  illustrated  as  a  function  of  w/o  H^O^  ^rom 
to  100  w/o)  in  Fig.  2.18  and  2.18a.  In  addition,  viscosity 
measurements  have  been  conducted  on  98  w/o  Il^O^  •  2.19)  from 
20  to  85  C  (68  to  185  F)  and  on  90  w/o  (Ref.  2.18)  from 

77  to  325  F  (25  to  162.8  C).  The  data  for  98  and  70  w/o  iy> 
from  the  various  sources  hos  been  plotted  as  a  function  of  tem¬ 
perature  and  compared  to  the  viscosity  of  water  in  Fig.  2.19 
and  2.19a. 

The  viscosity  of  the  vapor  phase  of  H^O^-I^O  solutions  at  1 
atmosphere  has  been  calculated  (from  experimentally  determined 
data)  as  reported  in  Ref.  2.30.  An  equation  (Ref.  2.30)  repre¬ 
senting  these  data  from  100  to  300  C  (212  to  540  F)  with  an 
estimated  precision  of  ±2  percent  is  given  as: 

fi  (micropoises)  -  134  +  0.35  ^(c)  -  -14  ^ 

where 

Y  -  mole  fraction  *n  vaPor 

This  equation,  comparing  the  vapor  viscosity  of  water  with  100 
w/o  H^O^,  *8  8raP^ca*ty  represented  in  Fig.  2.20. 

2. 2. 4. 2  Thermal  Conductivity.  Experimental  measurements  of  the  thermal 
conductivity  of  H^O^-H^O  solutions  have  been  limited  to  deter¬ 
minations  (Ref.  2.22)  on  98.2  w/o  HgOg  at  0  C  (32  F)  and  25  C 
(77  F)  and  on  50  w/o  KgOg  at  25  C;  resulting  thermal  conductiv¬ 
ities  were  0.321.  0.339,  and  0.347  Btu/hr-ft-F,  respectively. 
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Using  the  two  experimental  data  points,  the  thormul  conductivity 
of  93.2  w/o  HgOg  was  extrapolated  to  the  critical  point  (Ref. 
2.31).  This  extrapolation,  shown  in  Fig.  2.21,  used  11^0  as  a 
reference  substance  and  assumed  no  decomposition  and  0  thermal 
conductivity  of  0.100  Btu/hr-ft-F  at  the  critica 1 , point . 

Experimental  heat  transfer  studies  (Ref.  2.19)  indicated  that 
the  estimated  thermal  conductivities  reported  in  Ref.  2.31  agree 
reasonably  well  with  those  calculated  from  the  experimental  heat 
transfer  data. 


Coefficient  of  Diffusion.  The  experimental  determination  of  the 

diffusion  coefficient  of  liquid  water  has  beer,  reported 

(Ref.  2.32)  for  0.17  w/o  1^0  from  0  to  40  C  (32  to  104  F)  und 

for  0.019,  1.44,  and  7-92  w/o  H  O  at  20  C  (68  F)  .  At  20  C 

*  ^  <> 

(68  F),  the  diffusion  coefficients  were  <1.2  cm“/day  for  the 
concentrations  studied. 

The  diffusion  coefficient  of  H^O^  vapor  into  air  was  experi¬ 
mentally  determined  (Ref.  2.33)  in  a  vertical  tube  as  0.188 
cm  /sec  at  60  C  (140  F)  and  l-atmosphcrc  pressure.  This  can 
be  compared  to  a  diffusion  coefficient  of  0.320  cm  /see  reported 
(Ref,  2 .3*0  for  water  vapor  under  identical  conditions. 


Sonic  Velocity.  The  velocity  of  sound  was  experimentally 
measured  (Ref.  2.16)  in  I^O^-HgO  solutions  from  >.5  to 
33.5  C  (38.3  to  92.3  F).  These  data  ore  plotted  for 
propellant-grade  H^O^  solutions  in  Fig.  2.22  und  2,22u. 


Electromagnetic  Properties 

The  electrical,  magnetic,  and  electromagnetic  (optical)  proper¬ 
ties  of  HL0  have  been  grouped  as  electromagnetic  properties. 
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These  properties  generally  arc  related  to  the  electronic 
structure  of  the  atoms  in  contrast  to  the  transport  properties 
which  involve  only  molecular  movement. 


2.2. 5.1 


Index  of  Refraction.  The  refractive  indexes  of  II^O^-l^.O  solu¬ 
tions  were  experimentally  determined  (lief.  2.13)  using  the  sodium 
D  line.  The  data  for  propel lant-grude  LO  -II  0  solutions  are 
presented  in  Table  2.15  at  25  C  (77  F)  with  a  temperuture  cor¬ 
rection  guide. 


2,2. 5.2  Dipole  Moment.  Calculated  dipole  moments  of  11,0  were  reported 

IQ  ^ 

as  2.22  Debye  (or  2.22  x  10  csu-cm)  and  2.05  Debye  in  Ref. 

2.33  and  2.36,  respectively .  In  addition,  a  value  of  2.26  Debye 
was  estimated  (Ref.  2.37)  from  the  Stark  effect,  and  a  value 
of  2.13  Debye  was  determined  (Ref.  2.38)  for  H^O^  in  dioxone. 

The  luttcr  value  wus  selected  as  the  representative  dipole 
moment  for  HgOg. 

2. 2. 5-3  Dielectric  Constant.  Figures  2.23  and  2.23a  show  the  dielectric 
constants  of  propellant-grade  Il^O^-H^O  solutions  as  a  function 
of  temperature.  These  data  were  interpolated  from  the  experi¬ 
mental  studies  reported  in  Ref.  2.39,  in  which  the  dielectric 
constants  were  determined  as  a  function  of  composition  at  con¬ 
stant  temperatures  from  -40  to  30  C  (-40  to  86  F) .  Because 
of  the  supercooling  of  the  l!^0o— 11^0  solutions,  measurements 
were  obtained  on  the  liquid  below  the  freezing  point.  The  data 
from  the  measurements  on  100  w/o  H^O^  were  curve-fitted  from 
-00  to  30  C  (-76  to  86  F)  to  the  following  equation  (Ref.  2.40): 


€ 


84,2  -  0.02  T^  +  0.0032T^cj 
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2. 2.5. 4 


Electrical  Conductivity.  The  conductivity  of  ’'pure"  has 

been  reported  by  several  investigator*  with  values  ranging  from 
2  to  0.59  micromhos  (microoluns  *).  Experimental  studies  (Ref. 
2.4l)  of  the  conductivity  of  unstabilizcd  H^O  were  corductcd  as 

4t  fc 

a  possible  means  of  determining  its  purity.  The  results  of  this 
study  are  summarized  as  follows: 

1.  Fractional  crystallization  reduced  the  conductivity  of 

commercial  90  v/o  1^0  ( 1 1 . 5  microohms  *  at  25  C)  to 

approximately  one-half  (5.0  microohms  at  25  C)  of 
its  initial  value,  while  increasing  it9  concentration 
to  98  +  w/o  11^,0,,. 

2.  Distillation  of  the  crystallized  11^,0,^  reduced  its 
specific  conductance  to  ^  micromltos.  This  value  com¬ 
pared  with  that  reported  in  earlier  studies  (Ref.  2.42). 

3.  A  second  distillation  of  the  crystallized  and  once- 
distilled  1^2  rc<^ucc^  its  specific  conductance  to 
1.2  micromhos;  this  value  was  still  greater  than  that 
reported  in  Ref.  2.43  and  2.44. 

k.  The  specific  conductance  of  both  9$  w/o  and  de¬ 

ionized  water  increased  on  storage  in  contact  with 
Fyrex  glass.  A  conclusion  of  these  studies  indicated 
that  only  a  rough  correlation  between  low  electrical 
conductivity  and  high  stability  was  found  (or  that 
electrical  conductivity  per  se  is  not  a  reliable  in¬ 
dicator  of  stability). 

The  electrical  conductivity  of  both  water  and  hydrogen  peroxide 
is  increased  by  the  addition  of  one  to  the  other. 


2.2. 5. 5  Magnetic-Optic  Rotation  (Verdet  Constant).  Although  not  op¬ 
tically  active,  ,  when  placed  in  a  magnetic  field,  will 
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as: 


p0 U ri E ed  lifiht  • 

*■  %*G  ' 


This  is  expressed 


a  -  k  <-H 

V 


where 


0£  -  dcgi cc  of  rota  l  ion 

■  path  length 

II  ■  field  strength 

k  ■  Verdet  constant 

v 

The  Verdet  constant,  kv,  as  reported  in  Ref.  2.^5  at  10  C  (50  F), 
is  shown  for  various  solutions  in  Table  2.16. 


2. 2. 5-6  Magnetic  Susceptibility.  Hydrogen  peroxide  is  diamagnetic. 

The  magnetic  susceptibility  of  liquid  HgO^  *ms  ^ecn  su^Marized 
in  Ref.  2.10. 


Values  of  -0.73  x  lO-^  cgs-emu/cc  at  10  C,  -0.56  x  10~^  cgs-emu/g, 
-17  x  10  6  cgs-emu/g  mol,  and  0.9999908  are  reported  for  the 
Volume  susceptibility  (K),  mass  susceptibility  (X^.),  Molar  sus¬ 
ceptibility  (Xm),  and  permeability  (p),  respectively.  In  addi¬ 
tion.  an  equation  expressing  the  um>ss  susceptibility  of  K„0.,=n.,0 

-^•4*  4* 

solutions  at  10  C  (50  F)  is  given  as: 


X  x  106  »  -0.720  +  0.218  w 

g 


where 

w  »  weight  fraction  HgOg 

The  susceptibility  of  the  solid  becomes  more  positive  upon 
freezing,  while  the  susceptibility  of  the  vapor  is  assumed,  to 
he  the  sumc  as  the  liquid. 
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2.2, 5* 7  Other  Molecular  and  Electromagnetic  Properties.  A  number  of 
miscellaneous  molecular  and  electromagnetic  properties  have 
been  summarized  for  HgOg  in  Table  2.17*  The  origin  of  these 
data  is  referenced  in  the  table. 


2.2,6  Structure  and  Spectra 

The  equilibrium  geometry  of  hydrogen  peroxide  was  established 
by  an  electron  diffraction  study  (Ref.  2.48).  This  was  sup¬ 
ported  by  an  X-ray  study  (Ref.  2.14)  with  limited  least-squares 
data  reduction,  an  infrared  study  (Ref.  2.49  and  2.50),  and  a 
microwave  study  (Ref.  2.37  and  2.5l).  The  results  of  these 
studies  are  summarized  in  Table  2.18.  The  infrared  study  may 
be  regarded  as  definitive,  although  the  structure  of  the  solid, 
as  determined  by  X-ray,  may  be  appreciably  different  from  the 
gas  phase.  The  X-ray  study  may  be  questioned,  however,  because 
the  data  analysis  used  visual  intensity  estimation  and  primitive 
numerical  machines.  The  rotational  constants  measured  in  the  infra¬ 
red  are  A’  ■  10.356  cm  \  B'  -  O.8656  cm  C'  »  0.8270  cm  \ 

Dj  =  4.5  x  10”6  cm-1,  Dk  -  7-5  *  1<T4  cm-1,  and  -  -2  x  10~5 
cm  .  Dipole  moments  of  3-15  *0.05  D  and  3-24  *0.05  D  were 
measured  (Ref.  2.5l)  for  each  of  the  two  potential  minima.  A 
far  infrared  study  (Ref.  2.50)  showed  the  angle  T  has  two 
equilibrium  values  (with  the  lowest  at  111.5  degrees  ±0.5)  and 
determined  an  accurate  hindered-rotation  potential  function. 

The  best  geometric  parameters  are  those  underlined  in  Table  2.18. 

Hydrogen  peroxide  forms  tetragonal  crystals,  space  group 
Dj*  -  F4j2j,  upon  freezing  (Kef.  2.14).  There  are  four  molecules 
in  the  unit  cell  of  dimensions  a  -  and  c  **  8.00.L  The 

crystal  structure  has  been  completely  determined,  and  the  vol¬ 
ume  of  the  unit  cell  is  131.9 A^(Ref.  2.14).  This  gives  a  crystal 
density  of  1.70  ga/cc. 
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Hydrogen  peroxide  ia  the  simplest  molecule  having  an  internal 
rotation  notion,  and,  therefore,  has  hod  fairly  extensive  study 
with  respect  to  absorption  spectra.  Hindered  internal  rota¬ 
tion  effects  are  observed  in  all  regions  of  the  spectrum. 
Extensive  studies  have  been  conducted  on  the  vapor,  the  crystal 
line  solid,  and  dilute  solutions.  Less  work  has  been  spent 
on  the  concentrated  liquid  solutions,  because  of  decomposition 
effects  and  tbs  difficulty  in  finding  suitable  window  materials 
Since  the  spectrum  as  a  whole  is  very  complicated,  it  is  con¬ 
sidered  beyond  the  scope  of  this  handbook;  thus,  references  to 
HgOg  spectrum  characterization  are  provided  ns  a  guide  for 
interested  individuals. 

The  infrared  absorption  by  ia  not  very  useful  for  chemical 

analysis  because  the  spectrum  is  quite  similar  to  that  of  water 
and  since  suitable  window  materials  are  not  widely  available. 
Ultraviolet  absorption  by  is  quite  strong,  ami  (although 

Beer's  law  does  not  hold  strictly)  if  the  solution  is  clear  and 
transparent  to  ultraviolet,  direct  spectrophotometry  measure¬ 
ments  are  suitable  for  analysis  of  dilute  solutions.  The 
ultraviolet  spectrum  of  concentrated  hydrogen  peroxide  has 
been  reported  for  50  and  90  w/o  solutions  in  Ref.  2.39,  and 
for  55  and  99  w/o  hydrogen  peroxide  solutions  in  Ref.  2.2 k. 

The  infrared  absorption  spectrum  of  Hn0  has  been  reported  in 
Ret,  2.50,  2.52,  and  2.53-  The  Raman  spectrum  of  concentrated 
hydrogen  peroxide  (99+  percent)  is  probably  covered  best  in 

Ref.  2.39. 

(\ 

CHEMICAL  ttlOPERTIES 

Hydrogen  peroxide  is  a  s-trong  oxidizing  agent  in  either  acid 
or  alkaline  solutions;  however,  with  a  very  strong  oxidizing 
agent  such  as  MnO^,  it  will  also  behave  as  a  reducing  agent. 
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Hydrogen  ion  concentration  (pH),  the  presence  and  nature  of 
catalysts,  and  temperature  are  important  controlling  parameters 
in  hydrogen  peroxide  reactions.  Ify  proper  choice  of  reaction 
conditions,  it  is  possible  to  modify  the  oxidizing  action  of 
concentrated  hydrogen  peroxide  solutions.  Ae  an  oxidizing  agent, 
hydrogen  peroxide  has  the  distinct  advantage  of  producing  only 
water  as  a  by-product.  Hydrogen  peroxide  also  forms  simple 
addition  complexes,  forming  compounds  similar  to  hydrates.  These 
compounds  are  normally  called  hydroperoxidates .  These  are  gen¬ 
erally  accepted  as  hydrogen-bonded  compounds,  which  are  analogous 
to  anion  water  compounds.  Hydroperoxidates  are  readily  formed 
with  highly  electronegative  atoms  such  as  nitrogen,  oxygen,  and 
fluorine.  Amino  groups  form  stronger  bonds  with  peroxide  than 
carboxyl  or  hydroxyl  groups. 

Compilations  of  typical  hydrogen  peroxide  reactions  have  been 
reported  in  Ref.  2.10  and  2.55.  These  compilations  were  com¬ 
bined  and  are  presented  in  Table  2.19  along  with  references 
to  the  original  work. 


2,4  SOLUBILITY  AND  MISCIBILITY 

Because  of  hydrogen  peroxide’s  chemical  and  thermodynamic 
activity  (as  noted  in  Section  2.3),  precautions  should  be  ob¬ 
served  when  considering  solutions  of  Hg0o  with  various  organic 
and  inorganic  compounds.  Although  violent  reactions  upon  mix¬ 
ing  are  the  exception,  such  reactions  have  been  observed.  Ma.iy 
HgOg  solutions  may  he  fairly  stable  when  undisturbed  but  are 
subject  to  violent  detonation  under  certain  conditions.  The 
addition  of  any  material  which  may  be  oxidized  or  reduced  should 
be  suspect,  particularly  as  the  relative  concentrations  approach 
stoichiometric  proportions.  For  these  reasons,  it  is  suggested 
that  appropriate  references  be  consulted  in  detail  to  define  the 


35 


chemical  nature  of  the  proposed  solution  as  well  as  the  solu¬ 
bility  of  the  solute  before  solutions  of  with  other  mater¬ 

ials  are  attempted. 

The  solubility  and  miscibility  of  hydrogen  peroxide  and  its 
aqueous  solutions  with  a  number  of  organic  and  inorganic  com¬ 
pounds  are  referenced  in  detail  in  Ref.  2.10.  In  general,  con¬ 
centrated  HgO^  solutions  are  completely  miscible  with  most  or¬ 
ganic  liquids  (including  ethanol,  isopropanol,  acetone,  ethyl 
cellosolve,  pyridine,  etc.)  that  are  miscible  with  water  in 
all  proportions.  In  addition,  hydrogen  peroxide  is  more  mis¬ 
cible  than  water  in  a  number  of  organic  materials,  such  as 
methyl  methacrylate,  dimethyl  and  diethyl  phthalate,  ethyl 
acetate,  and  aniline.  Compounds  with  which  hydrogen  peroxide 
is  nearly  immiscible  include  petroleum  ether,  toluene,  styrene, 
carbon  tetrachloride,  chloroform,  kerosene,  fuel  oil,  and 
gasoline , 

Hydrogen  peroxide  and  its  aqueous  solutions  also  possess,  in 
general,  solvent  or  solute  relationships  thei  are  similar  to 
water.  The  results  of  several  experiments  show  that  sodium 
fluoride,  potassium  nitrate,  various  potassium  or  sodium  phos¬ 
phates,  potassium  chloride,  and  sodium  or  potassium  sulfate  are 
more  soluble  in  HgOg  than  in  water.  Sodium  nitrate,  sodium 
chloride,  silver  nitrate,  lead  nitrate,  and  lithium  nitrate 
and  sulfate  are  less  soluble  in  HgO^  than  in  water.  Chlorine 
and  iodine  are  only  slightly  soluble  in  anhydrous  ^0^. 

In  consideration  of  the  materials  compatibilities  of  various 
lubricants  with  HgOg,  the  solubilities  of  several  organic  com¬ 
pounds  in  propellant-grade  HgO,,  are  discussed  in  Table  4.14a, 
Section  4  . 
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2.5 


GELATION 


Results  of  gel  studies  on  hydrogen  peroxide  are  given  in  detail 
in  Ref.  2.99  and  2.100. 


2.6  HEAT  TRANSFER  PROPERTIES 

Since  heat  transfer  involves  a  combination  of  phase,  thermo¬ 
dynamic,  and  transport  properties,  as  veil  os  some  consideration 
of  chemical  kinetics,  this  section  on  heat  transfer  properties 
has  been  included  as  part  of  the  physico-chemical  properties. 

This  section  is  designed  as  a  reference  guide  and  summary  of 
the  various  experimental  heat  transfer  studies  that  have  been 
conducted  on  propellant-grade  hydrogen  peroxide  solutions. 

Experimental  heat  transfer  studies  on  90  w/o  HgO^  solutions 
(reported  in  Ref.  2.101)  indicated  that  a  high  flux  heat  transfer, 
usually  associated  with  boiling,  wub  obtained  from  a  347  stainless- 
steel  surface  to  liquid  90  w/o  HgO^  ae  a  result  of  the  HgO^  de~ 
composition  mechanism.  This  decomposition/  which  simulates 
boiling  by  the  liberation  of  gas  bubbles  at  the  heat  transfer 
surface,  is  accelerated  with  temperature  increase  of  the  sur¬ 
face.  Figure  2.24  illustrates  the  magnitude  of  this  effect,  as 
well  as  the  lesser  effect  of  pressure  and  liquid  temperature, 
in  terms  of  heat  flux.  Because  of  these  effects,  the  study 
showed  that  the  temperature  difference  between  the  surface  and 
liquid  was  not  significant. 

An  extension  of  these  studies  to  high  fluid  velocities  and 
moderately  high  temperature  differences  was  reported  in  Ref. 

2.102.  At  high  flowrates  and  high  Reynolds  numbers  (where 
decomposition  is  limited  by  the  short  liquid  residence  time), 
the  resultant  heat  transfer  data  agreed  with  that  expected  for 
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forced  convective  heat  transfer.  It  was  found  that  heat  fluxes 
us  high  as  11.75  Btu/sq  in. -sec  (at  liquid  velocities  of  ~  80 
ft/sec)  could  be  obtained  with  90  w/o  HgQg  complication 

by  decomposition  of  the  hydrogen  peroxide.  A  least-squares  fit 
of  the  heat  transfer  data  obtained  on  90  w/o  HgOg  resulted  in 
the  following  expression: 

<Vf  -  °-0287  <vr<v//5 

The  standard  deviation  of  the  experimental  data  from  this  equa¬ 
tion  was  10.2  percent. 

Heat  transfer  studies  in  the  forced  convective  region  of  both 
90  w/o  and  98  w/o  were  reported  in  Ref.  2.103.  Peak  heat 

f lures  of  7-80  Btu/sq  in. -sec  were  measured  for  90  w/o 
at  fluid  velocities  of  41.3  ft/sec.  The  results  obtained  for 
peak  heat  flux  of  98  w/o  HgO,,  at  the  conditions  investigated 
are  shown  in  Fig.  2.25-  The  correlation  of  the  data  cn  98  w/o 
HgOg  with  the  Dittus-Boelter,  Colburn,  and  Sieder-Tate  equa¬ 
tions  (Fig.  2.26  through  2.28,  respectively)  indicated  better 
agreement  of  the  data  with  the  Dittus-Bcelter  relationship. 

It  has  been  suggested,  however,  that  some  of  the  apparently 
low  heat  transfer  coefficients,  indicated  by  the  correlations 
ox  Fig.  2.26  through  2.28,  may  be  due  to  slight  scaling  (oxida¬ 
tion)  of  beat  transfer  surfaces. 

A  current  study  on  the  use  of  98  w/^  hydrogen  peroxide  for  re- 
generatively  cooled  rocket  engi  es  has  reported  (Ref.  2.104) 
that  during  18  experimental  teets  (with  fluid  velocities  from 
25  to  398  ft/sec,  pressures  from  2000  to  4700  psio,  and  feed 
temperatures  from  60  to  240  F),  heat  fluxes  up  to  48.2  Btu/sq 
in. -sec  were  achieved.  It  was  found  that  the  heat  flux  at 
burnout  (under  the  conditions  tested)  was  directly  proportional 


to  the  fluid  velocity  by  the  relationship:  heat  fluxnr.  ■ 

0.21  x  velocity.  These  results  indicated  good  correlation  of 
heat  ilux  and  fluid  velocity  with  the  studies  of  Ref.  2.102  and 
2.103*  During  these  tests,  no  appreciable  difference  in  heat 
transfer  could  be  associated  with  feed  temperature,  and  no 
detectable  decomposition  was  evident.  Four  similar  tests  with 
90  w/o  hydrogen  peroxide  indicated  no  discernible  differences 
from  the  results  of  the  98  w/o  hydrogen  peroxide  tests.  As  in 
the  studies  of  Ref.  2.103,  the  Dittus-Boelter  correlation  was 
found  to  represent  the  data  more  closely  than  either  the  Colburn 
or  Sieder-Tate  relationships. 

The  results  of  all  of  these  studies  have  shown  that  hydrogen 
peroxide  has  coolant  properties  comparable  to  those  of  water. 

Of  course, the  difficulty  in  its  use  as  a  regenerative  coolant 
lies  in  the  limited  stability  of  the  Ho0n  at  higher  temperatures. 
As  a  result,  various  bulk  liquid  temperature  limits  have  been 
suggested  and  established  in  the  use  of  l^O^  as  a  regenerative 
coolant.  These  limits  range  from  established  (Ref.  2.105)  maxi¬ 
mum  allowable  temperatures  of  225  F  (with  a  105  F  rise  over 
inlet  temperature)  to  suggested  operating  limits  (Ref.  2.106) 
of  250  F  (with  red  line  conditions  at  275  F) .  More  detailed 
analysis  of  minimum  safe  design  criteria  of  regenerative- 

cooking  systems,  based  on  the  available  data  from  various  sources, 
is  presented  in  terms  of  ultimate  heat  flux'  and  fluid  velocity 
in  Ref.  2.107-  Additional  analysis  of  transient  heat  transfer 
for  an  HgOg  regener.itively  cooled  engine  mod.»l  are  given  in 
Ref.  2.108. 

IGNITION  CHARACTERISTICS 

Although  ignition  characteristics  are  system-related  parameters, 
they  are  also  a  direct  indication  of  chemical  reactivity  and/or 
stability.  As  such,  these  characteristics  have  been  included 
as  a  part  of  the  Physioo-Chemical  Properties  Section  of  this 
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handbook.  However,  because  a  detailed  characterization  of 
these  parameters  would  involve  a  discussion  of  system  design 
variables  (such  as  configuration,  intended  use  environment, 
operating  sequence,  etc.)  that  are  beyond  the  intended  scope 
of  this  handbook,  this  review  of  hydrogen  peroxide  ignition 
characteristics  is  limited  to  a  general  and  brief  summary  and 
reference  guide  to  various  ignition  studies  previously  con¬ 
ducted.  In  addition,  this  summary  is  limited  further  by  the 
security  classification  of  many  of  these  studies  as  opposed 
to  the  unclassified  nature  of  this  handbook.  For  the  purpose 
of  clarity,  the  characterization  of  hydrogen  peroxide  ignition 
is  presented  in  terms  of  its  two  primary  application  areas; 
monopropellant  systems  and  bipropellant  systems. 


2.7.1  Mononropel lant  Systems 

Studies  of  the  controlled  decomposition  process,  that  characterize 
hydrogen  peroxide’s  use  as  a  monopropellant,  arc  given  iu 
Section  7-2.  As  a  result  of  these  studies,  which  are  detailed 
and  referenced  in  Section  7-2, the  initiation  period  for  hydrogen 
peroxide  decomposition  in  a  roonopropellant  chanber  are  fairly 
well-defined  for  all  propellant-grade  concentrations .  As  ex¬ 
pected,  all  the  studies  demonstrate  the  effect  of  many  variables, 
such  as  the  initiating  source  and  type  (catalyst  or  thermal  bed), 
injection  technique,  chamber  configuration,  hydrogen  peroxide 
concentration,  hydrogen  peroxide  inlet  temperature,  initial 
chamber  temperature,  exit  preesuic-,  etc.,  on  the  start  transient. 
(The  start  transient  is  defined  in  those  efforts  as  the  time 
period  from  injection  of  hydrogen  peroxide  into  the  decomposition 
chamber  to  the  achievement  of  90-percent  of  the  operating 
chamber  pressure.) 

In  general,  the  start  transient  for  a  hydrogen  peroxide  catalytic 
monopropellant  decomposition  chamber  normally  ranges  from  50 
to  1JC  ms.  This  start  transient  is  typical  of  all  of  the 
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catalysts  used  iu  the  decomposition  of  liydrogen  peroxide 
concentrations  ranging  from  76  w/o  (Kef.  2.109)  to  98  w/o 
(Ref.  2.18,  2.110  and  2.111). 

The  greatest  effect  on  this  typical  it?rt  transient  1b  caused 
by  variation  in  the  liydrogen  peroxide  and/or  catalyst  bed 
temperature.  Laboratory  studies  (lief.  2.4l)  have  demonstrated 
the  lack  of  reaction  between  solid  or  super-cooled  hydrogen 
peroxide  and  a  typical  catalytic  material,  while  studies  with  act¬ 
ual  engine  catalyst  beds  (itef.  2.110)  have  shown  limited  initia¬ 
tion  of  decomposition  and  excessive  start  transient  periods 
when  the  temperature  approaches  the  propellant's  freezing  point. 
However,  the  low  temperature  start  characteristicc  of  various 
catalyst  beds  have  been  improved  through  special  design  of  the 
catalyst  clubber  and  special  treatment  of  the  catalyst  bod 
(Ref.  2.18,  2.110,  and  2. 111).  Conversely,  an  increase  in  propel¬ 
lant  or  catalyst  bed  temperature  (such  as  experienced  in  pulsing 
or  other  heat  feedback  operations)  has  resulted  in  start  transients 
as  low  as  10  ms  (Ref.  2.18,  2.104,  2.109,  2.110,  and  2. 111). 

Although  exit  pressure  has  a  slight  effect  on  the  start  transient, 
this  effect  iB  usually  within  the  ranges  noted  above  and  con¬ 
trolled  by  the  temperature  effects.  Of  course  the  start  tran¬ 
sients  are  affected  by  the  catalyst  life  and  generally  are  the 
best  indication  of  the  decline  in  catalytic  effectiveness. 

The  start  transients  in  a  hydrogc-n  peroxide  thermal  decomposi¬ 
tion  chamber  are  entirely  related  to  the  technique  nnu  con¬ 
figuration  employed.  Since  this  concept  depends  on  the  initial 
heating  of  a  thermal  pack  (see  Section  7.2.2)  prior  to  injection 
of  the  hydrogen  peroxide,  the  start  transient  of  the  main  hydrogen 
peroxide  stream  should  approach  the  hot  bed  start  transients 
(~  10  ms)  noted  above.  However,  studies  with  both  90  w/o 
(Ref,  2.18)  and  98  w/o  (Ref.  2.113)  have  indicated  that  ade¬ 
quate  heating  of  the  thermal  paok  may  require  periods  ranging 
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500  me  to  several  minutes  depending  on  the  technique  employed. 
Hypergolic  slugs  of  hydrazine  containing  mixed  cyanide  Balts 
(itof.  2.18)  have  produced  initial  start  transients  (i.c.,  the 
period  measured  from  injection  of  the  liypcrgol)  of  10  to  20  ms, 
but  this  technique  required  300  ms  liydrogen  peroxide  leads  and 
500  ms  hypergol  injection  periods. 


2.7*2  Hi prone 11 ant  Systems 

Although  some  studies  have  indicated  that  90  v/o  and  98  v/o 
hydrogen  peroxide  solutions  are  hypergolic  (i.c.,  ignites 
without  producing  damaging  overpressures  to  the  system)  with 
the  liydrnzinc  and  50  w/o  NoIl^-50  w/o  (CIL^N^II^  fuels  (Ref.  2.111) 
other  studies  (lief.  2.18)  have  indicated  that  the  hypergol icity 
of  90  w/o  hydrogen  perioxide  with  both  hydrazine  and  (C11_)0N0H0 

J 

is  questionable.  Ignition  delays  (e.g.,  the  time  period  from 
injection  of  the  second  propellant  into  the  combustion  chamber 
to  90  percent  of  the  designed  chamber  pressure)  of  ~  5  to  25  uis 
were  reported  for  Ho0o/No1I.  systems  in  Ref.  2.111;  however, 
large  overpressures  (e.g.,  the  peak  pressure  to  chamber  pressure 
ratio)  and  crrutic  chamber  pressure  fluctuations  were  demon¬ 
strated  in  these  systems.  In  the  studies  reported  in  Ref.  2.18, 
which  demonstrated  ignition  delays  for  this  system  of  10  to 
109  ms  (with  average  delays  of  35  to  52  ms  recorded  for  various 
mixture  ratios),  it  was  concluded  that  hypergolicity  was  marginal 
and  unreliable. 

As  a  result  of  these  and  similar  studies  of  other  hydrogen 

peroxide  bipropcllant  systems,  including  the  UgO^/ciiy^H^ 

(Ref.  2.111)  and  (Ref.  2.113)  systems,  it  is  con- 

*-  )  y 

eluded  that  the  hypergolicity  of  hydrogen  peroxide  with  various 
fuels  is,  at  best,  marginal.  For  this  reason  many  hydrogen 
peroxide  bipropellant  systems  utilize  hydrogen  peroxide  de¬ 
composition  gases  (resulting  from  injection  of  the  hydrogen 
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peroxide  in  a  catalyst  chwabor  upstream  of  the  main  combustion 
chamber)  as  the  ignition  source.  Through  the  use  of  this  con¬ 
cept,  successful  system  ignition  has  been  demonstrated  with 
various  liquid  (including  those  noted  above,  as  veil  as  with 
jr-5  in  the  AR-2  system),  solid  (lief.  2.114)  and  heterogeneous 
(lief .  2.104)  fuels.  Ignition  delays  between  the  hot  decomposi¬ 
tion  gases  and  the  fuels  are  minimal  (5  to  10  ms),  althiugh  the 
system  design  controls  the  overall  start  transient  period  (i.c., 
from  injection  of  the  hydrogen  peroxide  into  the  catalyst  chamber 
to  the  achievement  of  main  chamber  coinbu  tion).  Many  Bystem 
designs  employ  only  a  small  "pilot  light"  catalyst  chamber  with 
subsequent  main  stream  liquid  injection  (which  bypasses  the 
catalyst  chamber),  while  other  systems  utilize  prior  decomposi¬ 
tion  of  all  of  the  hydrogen  peroxide  throughout  the  operation 
of  the  bipropellant  system. 

The  use  of  hypergols  in  the  ignition  of  hydrogen  peroxide- 
oxidized  bipropcllant  systems  has  been  studied  (lief .  2.18) 
with  the  hydrazine,  (Cll^. )i,N0Il^>  (UDMll),  and  JP-5  fuels.  In 
these  studies,  which  wore  designed  to  demonstrate  the  feasibility 
of  direct  liquid  injection  of  90-pcrcent  hydrogen  peroxide  into 
bipropcllant  chambers,  relatively  smooth  and  rapid  ignition  was 
achieved  with  all  three  fuels  using  nitrogen  tetroxide  as  the 
hypcrgol  for  the  first  two  fuels  and  aluminum  trictliyl  with 
the  latter  fuel.  In  addition,  the  use  of  mixed  cyanide  salts 
as  an  ignition  aid  to  the  HgOg/N,,!!^  system  is  noted  in  Ref.  2.18. 
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TABLE  2.1 
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TABUS  2.1 
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TABJJ2  2.9 


VAF0R-m5E  THULM0DVKAM1C  PRO PERI iEb  OF 
100  w/o  HgO^ 


Temperature 

Heat  Capacity, 
cal/gm-K 
(Btu/lb-R) 

Entropy, 

cai/gm-K 

(Btu/lb-R) 

Enthalpy 

'  U298^ 

Beat 

Forma 

of 

tion 

K 

B 

cal/ ga 

Btu/lb 

cal/fm 

Btu/lb 

0 

0 

0 

0 

-76.26 

-912.08 

-1641.74 

100 

180 

1 

-52.86 

-931.45 

-1676.61 

200 

360 

1 

-25.78 

-942.56 

-1696.61 

290 

536.4 

0.303 

0.0 

0 

-956.38 

-1721.48 

300 

540 

0.304 

1.658 

0.56 

1.01 

-956.86 

-1/22. 35 

400 

720 

0.340 

1.743 

32.81 

59.06 

-965.61 

-1738.10 

500 

900 

0.369 

1.810 

68.35 

123.03 

-972.11 

-1749.80 

600 

1080 

0.391 

1 

106.46 

191.63 

-976.81 

1758.26 

700 

1260 

0.407 

146.41 

263.54 

-980.34 

-1764.61 

800 

1440 

0.420 

187.83 

338.09 

-983.13 

-1769.^3 

900 

1620 

0.432 

230.47 

414.85 

-985.37 

-1775.67 

1000 

1800 

0.441 

270.15 

486.27 

-987.13 

-1776.83 

1100 

1980 

0.451 

2.135 

318.78 

573.80 

-988.48 

-1779.26 

1200 

2160 

0.459 

2.175 

364.27 

655.69 

-989.54 

-1781.17 

1300 

2340 

0.466 

2.211 

410.42 

738.76 

-990.31 

-1782.56 

1400 

2520 

0.474 

2.246 

457.55 

823.59 

-990.87 

-1783-57 

1500 

2700 

0.480 

2.279 

505.18 

909.32 

-991.31 

-1784.36 

•Befer  to  Section  2. 2. 3 
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TABLE  2.10 


VAPOR -PHASE  THEEX0DYNAH1C  FB0PEKTIE6  OF 
98  v/o  H,^  SOLUTIONS  * 


- 

Tempera  tu:  e 

Heat  Capacity 
cal/g-K 
(Btu/lb-R) 

Eutrcpy 
ca  l/g-h. 
(Btu/lb-R) 

Enthalpy 

(h,,  -  h298) 

—  — -  .  . 

Beat  of  Formation 

K 

a 

cal/gm 

Bcu/lb 

cal/gm 

Btu/lb 

0 

0 

0 

0 

-77 . 30 

-139.25 

-957  2 

-1723.0 

100 

180 

0.239 

1.32 

-53.55 

-90.39 

-970.0 

-1757.9 

200 

300 

0.202 

1.49 

-20.13 

-47.03 

-987.0 

-1777.7 

290 

530.4 

0.300 

1.65 

0.0 

0 

-1001 .4 

-1802 . 5 

300 

540 

0.307 

1.05 

0.50 

1.01 

-1001.9 

-1803.4 

400 

720 

0.342 

1.74 

33.07 

59.53 

-1010.7 

-1819-3 

500 

900 

0.370 

1.83 

68.82 

123.88 

-1017.3 

-1831.1 

600 

1080 

0.393 

1.90 

107.11 

192.80 

-1022.2 

-1840.0 

700 

1200 

0.409 

1.90 

147.25 

205.05 

-1025-9 

-1840.0 

800 

1440 

0.422 

2.01 

188.84 

339.91 

-1028.8 

-1851 .8 

900 

1020 

0.434 

2.00 

231.07 

417.01 

-1031.2 

-1850.2 

1000 

1800 

0.443 

2.11 

271.04 

488.95 

-1033.2 

-1859.8 

1100 

1980 

0.453 

2.15 

320.41 

570.74 

-1034.0 

-1802. 3 

1200 

2100 

0.461 

2.19 

360.13 

059.03 

-1035.8 

-1804.4 

1300 

2340 

0.409 

2.23 

412.53 

742.55 

-1030.7 

-1800.1 

1400 

2520 

0.477 

2.25 

449.55 

809.19 

-1037.4 

-1867.3 

*H*fcr  to  Section  2.2.3 
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TABLE  2.11 


VAPW-FHASE  THOM  (DYNAMIC  FfiUPEKTI£B  OF 
95  w/o  SOLUTIONS* 


Teepera ture 

Heat  Capacity 
cel/ g-A 
(Btu/lb-a) 

— 

Entropy 

cel/g-K 

(Btu/lb-fi) 

En  thu  1  py 
"  **298^ 

Beat  of  Furmati uu 

m 

a 

cal/gm 

Biu/lb 

cal/gm 

Btu/lb 

0 

0 

0 

0 

-79.0 

-142.2 

-1024.9 

-1864.8 

100 

160 

0.245 

1.345 

-55  - 1 

-99.2 

-1044*2 

-1879.6 

1  3 

300 

0.268 

1.52 

-26.7 

-48.1 

-1055.2 

-1899.4 

298 

536.4 

0.310 

1.68 

0.0 

0 

-1068.9 

-1924,0 

300 

0.311 

1 .68 

0.6 

1.1 

-1069.4 

-1924.9 

720 

0.546 

1.75 

33.5 

60.3 

-1078.4 

-1941.1 

900 

0.374 

1.80 

69.5 

125.1 

-10852 

-1953.4 

0.395 

1.86 

108.1 

194.6 

-1090.3 

-1962.5 

700 

12S0 

0.411 

1.92 

148.5 

267. 3 

-r  94.2 

-1969.6 

1440 

0.425 

2.05 

190.4 

342.7 

-1097-4 

-1975.3 

900 

1620 

0.437 

2.09 

233  5 

420.3 

-1100.0 

-1980.0 

1  t\f\g\ 

iWU 

1SC0 

0.446 

r%  X  t 

<  «  H 

y 

1  n 

nyj.v 

1  1  rt 

—  1 lux  .  ^ 

a  nn  l 

-ayoa  .w 

1 

1980 

0.457 

2.16 

322.8 

581.0 

-1103.9 

-1987.0 

2160 

0.465 

2.22 

368.9 

664.0 

-1105.2 

-1989.4 

2340 

0.472 

2.26 

4156 

748.1 

-1106. 3 

-1991.3 

1400 

2520 

0.461 

2.32 

463.5 

834.3 

-IIO7.O 

-1992.6 

*&e!tr  to  Section  2.2.3 
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TAiUJt  2. IS. 


VAi’UH-PHASL  lllHHMUDimMi  C  f'BOKLKJllSB  tit 
<90  */©  UgOg  SOLUTIONS* 


HI 

Heat  Capacity, 
cul/gtu-fc 
(Btu/lb-il) 

Entropy, 

cal/gm-K 

(Btu/lb-il) 

Enthalpy 

lluut  ol 
fommti  c*: 

19 

n 

cftl/gm 

Btu/ lb 

cal/gm 

Btu/ lb 

0 

0 

0 

0.0 

-81.70 

-147-17 

-2048.0 

100 

pjljjjg 

0.250 

1.38 

-50.34 

-401.41 

Bllllll 

-2082.0 

B 

0.277 

1.50 

-27.55 

-  49.59 

-1107-9 

-2102.2 

298 

0.317 

1.72 

0.0 

0 

-1181. 5 

-2120.7 

300 

540 

0.318 

1.72 

0.58 

1.04 

-1182.0 

-2127.0 

400 

720 

0.351 

1.81 

34.11 

01.40 

-1191.2 

-2144.2 

500 

900 

0.379 

1.90 

70.09 

127-24 

-1198.3 

^2150.9 

COO 

1080 

0.400 

1.90 

it'9.73 

197-51 

-1203.8 

-2100.8 

m 

1200 

0.410 

2.03 

151.53 

272.75 

-1208. 1 

-2174.0 

800 

1440 

0.429 

2.09 

192.91 

347.24 

-1211.7 

-2181.1 

B 

1020 

0.442 

2.15 

230.50 

425-70 

-1214.7 

-2180. 5 

1 

1800 

0.452 

2.19 

277-59 

499.00 

-1217.2 

-2191.0 

1100 

1980 

0.402 

2.23 

320.92 

588. 40 

-1219.2 

-2194.6 

1200 

2100 

0.471 

2.27 

373.57 

072.43 

-1220.9 

-2197.0 

i  »nn 

Of  t.  i\ 

f\  i  -*n 

2.31 

4  f\n  #\  — 

unu.  y  / 

757-75 

,_l  OO'i  0 

-2200.0 

2520 

0.488 

2.39 

409.  42 

844*96, 

_ _  ,i 

-1223.3 

^2201.9 

*SLeier  to  Section  2. 2.J 
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TABU  £.1? 


YAPGB-AiASE  XHJBHQDXNAM1C  FROFEKXlHb  tt 
75  w/«  BgO 2  B0UJT10NB* 


Temperuture 

Boat  Capacity, 
oftl/gm-K 
(Btu/lb-tt) 

Entropy, 
cul/go-^t 
(Btu/lb -it) 

Enthalpy 

(^T"^298 

Bout  of 
Formation 

n 

11 

cul/gm 

Btu/lb 

cul/ gm 

Btu/lb 

■ 

0 

0 

0 

-90.02 

-162.04 

-1476.4 

-2657-5 

ibo 

0.287 

0.98 

-61.57 

-110.83 

-1493-5 

-2691.9 

s 

360 

0.305 

1.64 

-30.21 

-54.38 

-1505.8 

-2710.4 

■S3 

536.4 

0.338 

1.80 

0.0 

0 

-1519.2 

-2734.6 

300 

540 

0.339 

1.80 

0.62 

1.12 

-1519.6 

-2735.3 

400 

720 

0.368 

1.90 

36.06 

64.91 

-1529.5 

-2753.1 

500 

900 

0.393 

1.99 

74.21 

133-38 

-1537.7 

-2767.9 

600 

1080 

0.413 

£.06 

114.64 

206. 35 

-1544.2 

-2779.6 

700 

1260 

0.429 

2.13 

156.83 

282.29 

-1549.6 

-2789.6 

800 

0.443 

2.19 

200- 52 

360.94 

-1554.6 

-2798.3 

900 

1620 

0.456 

2.24 

245.55 

441.99 

-1558.8 

-2805.8 

1000 

1800 

0.467 

2.29 

£88.76 

519-77 

-1562.4 

-2812.3 

1100 

1980 

0.479 

2.33 

339.13 

610.43 

-1565-4 

-2817.7 

1200 

0.489 

2.37 

387.53 

697-55 

-1568.0 

-2822. 4 

1300 

2340 

0.498 

2.41 

436.81 

786.26 

-1570.2 

-£826.4 

1400 

2520 

0.508 

2.58 

487-24 

877.03 

-1572.0 

-2829.6 

1500 

2700 

^Befer  to  Section  £.2.3 
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TABLE  2.14 


VAPOR-PHASE  THERMODYNAMIC  PROPERTIES  OF 
70  w/o  H202  SOLUTIONS* 


Temperature 

Heat  Cupacity, 
cal/gm-K 
(Btu/lb-R) 

Entropy, 

oal/gm-K 

(Btu/lb-R) 

Heat  of 
Formation 

K 

R 

cal/gm 

Btu/lb 

cal/ gm 

Btu/lb 

0 

0 

0 

-92.8 

-167. 0 

mm 

-2860.6 

100 

180 

0.297 

1.52 

-63.3 

-113.9 

1 

-2894.9 

200 

360 

0.314 

1.75 

-31.1 

-56.0 

-1618. 5 

-2913.3 

|  298 

536.4 

0.346 

1.89 

0.0 

0 

— 1 63 1 r  8 

-2937.2 

j  300 

340 

0.346 

1.90 

0.63 

1.13 

-I632.2 

-2938.0 

I  400 

720 

0.374 

1.99 

36.7 

66. 1 

-1642.3 

-2956.1 

1  500 

900 

0.398 

2.09 

75.4 

135.7 

-1650.8 

-2971.4 

1080 

0.418 

2. 16 

116.2 

209.2 

-1657.8 

-2984.0 

700 

1260 

0.434 

2.23 

158.9 

286.0 

-1663. 8 

-2994.8 

■  m 

1440 

0.448 

2.28 

203.1 

365.6 

-1668. 9 

-3004.0 

1620 

0,461 

2.34 

248.6 

447.5 

-1673.4 

-3012. 1 

1 

1800 

0.473 

2.39 

292.5 

526.5 

-1677-4 

-3019.3 

1 

1980 

0.485 

2.40 

343.2 

617.8 

-1680.8 

-3025.4 

I  V;:,; 

2160 

0.495 

2.50 

392.2 

706.0 

-1683-7 

-3030.7 

1300 

2340 

0.505 

2.52 

442.1 

795.8 

-1686.1 

IB 

2520 

0.515 

2.71 

493.2 

. 

887.6 

-1688.2 

mmmm 

♦Refer  to  Sectiou  2,2.3 
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TABLE  2. 15 


REHIACTIVE  INDEX  (SODIUM  D-LINE)  OF  PROPELLANT -GRADE  HgO^-H^O 

SOLUTIONS  AT  25  C* 


w 

0.3, 

0.2, 

0.4, 

0.6, 

0.8, 

v/o 

percent 

percent 

percent 

percent 

percent 

66 

1.3782 

!  1.3/84 

■  ' 

1.3785 

1.3787 

1.3788 

67 

790 

792 

793 

796 

796 

68 

798 

800 

801 

803 

804 

6? 

806 

808 

809 

811 

812 

70 

1.3814 

1,3816 

1.3817 

1.3819 

1.3820 

71 

822 

824 

825 

827 

828 

72 

830 

832 

833 

835 

836 

73 

838 

840 

841 

843 

844 

74 

846 

848 

849 

851 

852 

75 

854 

856 

857 

859 

860 

76 

862 

864 

865 

867 

868 

77 

870 

872 

873 

875 

876 

78 

878 

880 

881 

883 

884 

79 

886 

888 

889 

891 

892 

80 

1.3894 

1.3896 

1.3897 

1 .3899 

1.3901 

81 

903 

904 

906 

908 

909 

82 

911 

913 

915 

916 

918 

83 

920 

921 

923 

925 

927 

84 

928 

930 

932 

933 

935 

85 

937 

939 

940 

942 

944 

86 

945 

947 

949 

950 

952 

87 

954 

956 

957 

959 

961 

88 

962 

964 

966 

968 

969 

89 

971 

973 

974 

976 

978 

*Refer  to  Section  2.2. 5-1 

NOTE:  Teaperature  correction  is  -0.34  z  10  ^/c  from  15  to  25  C. 
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TABLE  2.1; 
(Concluded) 


w 

w/o 

0.3, 

percent 

0.2, 

percent 

0.4, 

percent 

0.6, 

percent 

0.8, 

percent 

90 

1.3880 

1.3981 

1.3983 

1.3985 

1.3986 

91 

988 

990 

992 

993 

995 

92 

997 

999 

1.4000 

1.4002 

1.4004 

93 

1.4006 

1.4097 

009 

Oil 

313 

94 

014 

016 

018 

020 

021 

95 

023 

025 

027 

028 

030 

96 

032 

034 

035 

037 

039 

97 

041 

042 

044 

046 

048 

98 

049 

051 

053 

055 

056 

99 

058 

060 

062 

Of3 

065 

100 

1.4067 
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TABLE  2.16 


VBKLET  CONSTANT  OF  HTDROGBi  PKROXIDE-WATBt 
SOLUTIONS  AT  10  C* 


01  o 

-ky,  ain/gauaa-ca  x  10^ 

5893  A 

5780  A 

5461  A 

4  358  A 

100 

11.48 

11.90 

13.52 

22.65 

96 

11.60 

12.03 

13-64 

22.70 

78.5 

11.98 

12.45 

14.07 

23.45 

62.0 

12.30 

12.80 

14.43 

24.11 

50.9 

12.53 

12.98 

14.60 

24.22 

38.1 

12.69 

13.15 

14.86 

24.47 

18.1 

12.91 

13.38 

15.13 

25.00 

0 

13.09 

13.64 

15.40 

25.21 

*Befer  tc  Section  2. 2. 5-5 
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TABLE  2,17 


MISCELLANEOUS  MOIECUIAR  AND  ELECTROMAGNETIC  PROPERTIES 

AT  HYDROGBi  PK1CUUDE 


Property 

Value 

Temperature 

Reference 

Specific  Refraction 

0.1705  c*Vg» 

25  c 

2.15 

Molar  Refraction 

5.801  csrVB°le 

25  c 

2.15 

Polarizability 

2.30  x  10’24  ca^aele 

25  c 

2.45 

Molar  Dispersion 

1.3576  ca%ole 

— 

2.45 

Dispersion  Constant 

8.479  x  1050  aec“2 

— 

2.45 

Characteristic  Frequency 

15  -1 

2.979  x  10  7  sec 

— 

2.45 

Molecular  Radius 

1.32  A 

2.45 

Molecular  Susceptibility 

-21.0  ±4 

25  c 

2.46 

Molecular  Dianagnetisa 

16.73  ±0.20 

25  c 

2.47 

UB1Z  2.16 


8TEUCTUUS  AND  8TBUC1TJBAL  PANAhJSTEBS 
OF  HXDBOGJtt  FBSOUDE 


Structure 


Structural  Parameters 


BjjhflLA 

B(O-H)  .  A 

8(oob), 

degrees 

r  (hooh), 

decrees 

Electron  Diffraction 

1.47 

Crystal  Diffraction 

1.49 

97 

94 

Far  Infrared 

1.475  ±0.004 

0.950  ±0.005 

54i8_±2 

(119.8  ±3) 

Microwave 


111.5 


TABIC  2.19 


REACTIONS  OF  HYDftOGB*  PEWXIDE 


Reference 

INORGANIC  COMPOUNDS 


Ag  HgOg  «»diaaolvea  (Ag  ) 

2.56 

A1  +  HgOjj  - 

- *-Al(0U)j 

2.10 

A.  ^ 

— V°k 

2.10 

a.o3“3  +  h2o2  — 

- ►A«04"5 

2.57 

Aa(n**)3  + 

- ►H3Aa04 

2.10 

a  n  A  HC 1 

Au  +  HgOg 

— ♦'diaaolvea 

2.58 

Oxid'  yf  gold  + 

..  „  alkaline^ 

H  0o  »  reduction 

2.58 

B  (colloidal)  + 

n2°2 - •'Vj 

2.59 

Ba(OU)2  +  HgOg 

- ►BaOg  +  HgO 

2.10 

Bi„0,  +  H„0„  - 

- ►Bi(-10, 

2.60 

^  j  a  4 

A.  ** 

Bi(NQ3)3  +  H202 

ftlkalipe».pi(0H)3 

2.61 

Br03_1  +  E202  — 

— -  »•  Br~*  +  Br2 

2.10 

cn'1  +  h2o2  - 

- ►COj"2  +  CNO"1 

2.62 

CNS"1  +  HjjO 2  - 

®2°2  -1 
- ►NILj - -  ~  -^N03  1 

2.63 

82 


t 

TABUS  2.19 
(Continued) 

feliOKi 


XMOBGANIC  COMPOUNDS  (coni.) 

C12  +  «2°2  “ 

- ►cr1 

2.64 

Alkaline  or 

CIO,  ♦  Va 

— . - — no  reaction 

neutral 

2.65 

CIO,”1  + 

— a--id  -»cig  +  C102 

2.65 

bcio4  4 

— . no  reaction 

2.10 

HOC1  +  HgOg  - 

- ►Cl”1 

2.64 

Co  +  H,202  - 

2.66 

Co  +  HgOg  al— li?.VCo(H0), 

2.10 

Cr  +  EgOg  - 

2.10 

CrO,  +  HgOg  - 

- ►Cr+5 

2.67 

.  Cu  +  HgOg  - 

acl<*  ►dieaolves 

2.68 

Cu°  +  HgOg  — 

► CuOg  +  HgO 

2.69 

Cu02  +  H2°2  “ 

2.69 

H  0 

Fe  ♦  ^Og  - 

- ►pe+^  ■— !g..2 

2.10 

f«(cw)6“*  + 

^  - -  -d-  »Fe(CN)6~3 

2.70 
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TABJL£  2.19 

(Continued) 


INORGANIC  COMPOUNDS  (coni.) 


Egftmcg 


Fe(CN)6’5  +  y)2 


alkaline. 


Fe(CN). 


Hg  +  HgOg  - % C-* ^ — »-  diaaolvea 


2.70 


2.10 


Hg  ♦  HgOjj 


ilka  line. 


■oxides  of  nercury 


2.10 


i2  *  h202 


HI  + 


H2°o 


12  <  v 


2.10 


Li+1  +  H202 


Mg  + 


“*“Li2°2 

Mg(0Il)o 


2.10 


2.10 


M-V1  ♦  h2o2 


acid  ^  «  +2  .  „  „ 

— — — ►Mn  +  HgO  +  Oj 


2.10 


..  „  -1  ..  ^  alkaline^  „  „ 

Mn04  +  H202  - B-MuOj 


2,10 


MoS2  +  H202 


2.10 


Ni  +  H„0  — dissolves 

2  2  HgSO^ 


2.10 


NiS04  +  H202 


•no  reaction 


2.72 


"A  *  Va 


various  products  depending  upon  conditions  2.75 


HONHjj  +  HgOg 


2.74 
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TABLE  2.19 
(Coutiaucd) 


Beferencg 


INORGANIC  COMPOUNDS  (coni.) 


*V' 4  -■ 


-►NO 


-1 


NO  _1  4  HgOg 


►  no  reaction 


°3  +  ®2°2 


V  4  °2 


fta2°2 


♦m,  i  h,™^ 


P2°5  4  «2°2  4  “2° 


♦  HjPO, 


ro^  ♦  v2 


FO  ~3  4  E202 


►PO 


no  reaction 

-3 


Pb  + 


V>2 


E 


► diaaolvea 


Pb  4  iy>2  »^.i_invpb0s 


Po  ♦  HgOg 
Pt  ♦  HjjOjj 

S  4  *2°2  - 


►  diaaolvea 


►  no  reaction 


►no  reaction 


BgS  (.«•)  +  ^ -♦S’ 

{.,.)*  HjOj,  ‘"“-"»SOt4 


275 

2.10 

2.70 

2.77 

2.78 

2.10 

2.79 

2.80 

2.80 

2.81 


2.10 

2.83 

2.84 


V  *  V2 


► S0^_*  plua  varioua  products  depending  upon  2.84 
■etal 


®5 


TABLE  2.1V 
(Continued 


IWOatiANlC  COMTOIWDS  (coni.) 

SO,-2  4  HgO^  - -BO,-2  4  S206-2 

Sb  4  HgO,, -  '  no  reaction 


Sb2s,  h 


Sc  +  HLO 


«2°2 


I^Se  4  n202 


SeO  "2  4 


Sn^2  4-  HgOg 
SnOg  4  HjjOj, 

Te  4-  U202  - 


J5u- 


autimouiate 


SeO, 


■rapidly  attacked 
-2 


-•-SeO. 


+V 


-Sn 

no  rcuction 


^Ve06 


Ti*5  +  HjjOg  - - ►TiO, 

Ti0242  +  H202  - -Ti(02),-* 

T1  +  HgOg  - —  tioh 

T102  4  HgOg  - ^T12°3 

V  4  HgOg - -  V°4 


Ref  crettce 


2.85 

2.10 

2.86 

2.87 
2.10 

2.10 

2.88 

2.89 
2.10 

2.90 

a  m 

2.92 

2.10 

2.10 

2.10 
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THHL£  2.19 
(Continued) 


INORGANIC  COMPOUNDS  (coni.) 

In  4  H202  - *-  ZaQ 


In  4  figOg 

*r  ♦  V2 


alkal  ine 

— ; — —  ,  .  ^dissolves 
alcoholic 

- ^no  reaction 


fcr(S04)2  4  B202  -  ■  »ao  reaction 


Reference 


2.10 

2.93 

2.94 
£.94 


ORGANIC  COMPOUNDS 
Alkanes: 


Saturated  paraffins  +  HgO^  ^^cata'^s^ig^0*1^"*10  re*c<'^ou 


_  .  .  , ,  _  _  with  and  without 

Cyclic  alkanes  +  - a*uo  react! 


on 


Grifnard  reagent  (BMgX)  4-  S^Og 


■alcohol 


Aik  ones: 


vi  <f  k  Bn<t  «j  i  4  linn4 


**2~  2  catalysts 


.  „  ^  RCOOOB^ _ 

*  V2  ~m‘c  -  **  - 


u*  rjiciioo 


ICH^^HR' 


epoxy 


•RH^  -  ^HR' 

CR  OR 

<lycol 


2.55 

£55 

2.95 

2.55 

2.10, 

2.55 
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TABLE  2.19 
(Continued) 


ORGANIC  COMPOUNDS  (cont.) 

Alcohols: 

BO"  +  >1202  -  cateilysT*  reacti°" 
v  +3 

RCHgOH  +  H202  - — - ►  RCOOH - ►COg 

Carboxylic  Acids: 

1*  H  SO 

RCOOH  +  HO  . . *—■••►  RCOOOH  +  HgO 

peroxy  acid 

Aldehyd  eB: 

R-CHO  +  H202  - — ►RCOOH 


Reference 


2.55 

2.55 


2.55 


2.55 


Aromatics : 


Benzene  or  toluene  +  HgOg  - - ^  ►no  reaction 

2.10 

Benzene  +  H202  A1'  Vt7i^“*'pheno1 

2.55 

RCOOOH 

0-naphthol  +  RgOg  - ^^-►o-carboxycinnamic  acid 

(in  acetic 
acid) 

2.96, 

2.98 

22-23C 

Hydrazobanzene  +  HgOg  — — —J- — ^azobcnzene 

2.55 

1*  IUSO, 

Azobensene  +  HgOg  — ^^^-►azoxybenzene 

2.55 

(in  acetic 
acid) 
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TABLE  2.19 
(Concluded) 


ORGANIC  CONFOUNDS  (cont.) 

Aromatics : 

22-23CL 

Aniline  +  HgCg  ■—  — — ■‘—►aniline  black  products 


Reference 


2.55 


Aniline  +  HgOg 

(in  acetic 
acid) 


22-23C;  oxidant 
added  to  water  slurry 
of  aniline  containing 
Na  bicarbonate 


nitrobenzene  + 
azoxybenzene 


Benzaldehyde  +  HgOg 

(in  acetic 
acid) 


22-23C  ^  , 

T/'n  f.n'^’bcnzoic  acid 

h2S04 


RC000H 


Anthracene  +  HgOg 


RCOOOH 


■►anthraquinone 


(in  acetic 
acid) 


Primary  Aminea: 


BNH2  +  h2o2 


Secondary  Amines: 
(r)2  Nil  ♦  H202  ■ 


"►vigorous  decomposition  of  peroxide; 

o-f  i  on  rf  *!  f  f  ■{  ah  1  4  +  a  ***■»»■»+«»#>  1  i  a  a 

4  VWV  VAUM  V>AA  A  AWU4  V  V  U  VUlk  VI  U  A  )  AIV 

products  isolated 


-►(r)2noh 

hydroxyl  amine 


Tertiary  Amines; 
(R) jN  EgOg 


amineoxide 


2.96 


2.97 


2.96 


2.55 


2.55 


2.55 
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APPARENT  MOLECULAR  WEIGHT 
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Figure  2.3.  Critical  Temperature,  Critical  Pressure,  and  Boiling  Point 
of  Propellant-Grade  hydrogen  Peroxide-¥ater  Solutions 
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TEMPERATURE, C  PRESSURE ,  ATMOSPHERES  TEMPERATURE,  C 


Figure  2.4.  Density  of  Propellant-Grade  Hydrogen  Peroxide-Water  Solutions 
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Figure  2.4a.  Density  of  Propellant-Grade  Hydrogen  Peroxide-Water  Solutions 


COEFFICIENT  (CUBICAL)  OF  THERMAL  EXPANSION 

PER  DEGREE  C  X  I04 


WEIGHT  PERCENT  H202 

Figure  2.5.  Coefficients  (Cubical)  of  Thermal  Expansion  for  Propellant-Grade 
Hydrogen  Peroxide-Water  Solutions 
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COEFFICIENT  ( CUBICAL)  OF  THERMAL  EXPANSION 
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Figure  2.5a.  Coefficients  (Cubical)  of  Theroal  Expansion  for  Propel lan t-Grade 
Hydrogen  Peroxide-Water  Solutions 
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WEIGHT  PERCENT  H,Ot 


Figure  2.6.  Adiubatic  CompresBibil i ty  of  Propellant-Grade 
Hydrogen  Peroxide-Water  Solutions 
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Figure  2.6*.  Adiabatic  Coaf>reasibility  of  Propellant-Grade  Hydrogen 
Pero£i de-¥*t«r  Solution*. 
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MOLE  FRACTION  H,0  IN  VAPOR 


ACTIVITY  COEFFICIENT 
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SURFACE  TENSION,  LBp/FT  X  IO“3 


HEAT  OF  FORM 


Figure  2.13.  Heuta  of  Formation  of  Propellant-Grade 

Hydrogen  Peroxide-Water  Solutions  at  25  C 
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Figure  2.14.  Heats  of  Vaporisation  of  Hydrogen  Peroxide-V/ater  Solutions 
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WEIGHT  PERCENT  H202 

Heats  of  Vaporization  of  Hydrogen  Peroxide 
Water  Solutions 


113 


HEAT  OF  DECOMPOSmON,  BTU^LS  (SCUTTION) 


^  O  :  poo 

*  *  j-  *  *  r 

o  to  |  O  *>  <V 
r-  •  ,&>  e\  o* 

a;  iii"  uiiuil 


Km 

a  cj  !  i 
wcvj  {;-• 

5g  liT 

?<  :|T 


i  1  t  t!  I 


■ll  ' 

Hr  fl 


i ..[ill  15  ilt-ilk  lit !it 

Uii  ss  fife  4 

'  j  it"  ;  lj  u_  rlrL~rf-‘j|T+--r 
II  '  *o  ui  i  ; i  ;lii 

wm\  llflllifnflh 


i  ill  A 

mil 

rf  p]  H' 

mk 

!;i  tin  ll 


If-  8 

I  » 


I  'li!  ‘i ijjn  i?  fiMl/ni1!!!  s 

nrri  nti 

rn  1'  \  *j  tn  *  *  *  *  -♦*++■  44-h-  ♦♦4-  *4-*4-  f-H-i-  4-w-*-  4444-  +-*4-i  —  4- -if*  -1*4- « 

111  .HiiMiiM ;U  s 


fills 

iliin!:"  :,it  |!l 


7m!;  •rTTjTrn 

•rnte4#f VI;  riirlTTit  :r f  fr § 

Jiiimr ini  1  !•  ini  i!  *  ;;»•  -:\\  :<  •!  i  i  ! 


ji:  i i i !  ;ilt  :;ii  !>> 

ilii  iji  |ii|j  ill  :»Hi|  j|ij]]l  ]jjl 

lit!  i  t,  ;!H  i  !  Iiji  iiij  ;;!l  :!l:  mi  \\  ;::i  ;  It  :it  !  1  I  !i  it 

if  %  f  if  1 1 1! T  i  if  pr  t  f 
fiPiiPiPfi  ifeilfii 
1  f  f  mnr  1 1  !#w  mr  mi  ipr  mrim 

in  ml:  .;!,  iiii  li  t  !|  Irt  m:,  ; 1 ! '  1  mu  uu  lit*,  in 

itrnmHiiCTi  Hiiia  W  i  Mil  I  inaw.ain  iii.1'uaml 

:  ■  i  ■  i : : : :  1 1 : '  ;  m  ’  :  \ r  t  tin  \  ♦  nil  .  .  g  •  i :  i  ?  i  u\\ .  •  *  • : :  *  itiaiMi  t  m 

ill...  *  .'.IK  »  *  L  .  .LL  l  i  •  II  Ll  B  .  .  .  L\  MM  'I  MM 


pp!pppi:ppii 


::i  :  I:  :ii  ! 

t-vt*  -r-f -f-f*  ■  »  4-4‘y  ♦- 

i;7  Tin  \ 

m  *  1 1  •  •  •  *  *  < 
r  •  »  *  •  •  M  ♦  i  m 


< 

g£ 

*  5 

UJ 

l- 


* » 'f  <4  t4  ■  m  *4  « <44*  ■  ■4'*  M  1*1  j4-, 

PPPfPjf li  s 

pflpp  ill f  i * 

Trrrmri  TTr^t+T^rtr-r-rtr  # 

!;  :im  a  v  ;  h  i;.  i  5 

Mrnr;n:ptrtpnT  ttt  « 
i  -411.  i 

r  If  tTTT  TuT  7HT  7*  ;  4  T  IT  -1  pc 

1  iii  i|‘m  i  i  ji  :  ± 

It  ISIIli  ? 


Sjii'iHi 
III 

iii 


m  nti  nil- Tm 


54-81/niQ  ‘AllOVdVD  JLV3H 


ilTliiLiili! *1! mPIT Tm TT1T Tim  THT Tim  TiT<  mT : 

mil  Hi'  nil  iii- tt  iil;  r 
rTTTnr^ -fttif orr -tHf  ritr  r+t  nrf  rrrr  tHtrH-  UJ 


118 


WEIGHT  PERCENT  H202 

Figure  2.1b.  Vi  •cosily  ©i  Liquid  Hydrogen  Feroxido-Wuter  Solutions 
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VISCOSITY.  LBf/FT-SEC  X  10 


TEMPERATURE,  F 


Figure  2.19a.  Viscosities  of  98  v/o  Hydrogen  Peroxide, 
70  v/o  Hydrogen  Peroxide,  and  Water 
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TEMPERATURE,  F 


Figure  2.19a»  Viecoaitiea  of  98  v/o  Hydrogen  Peroxide, 
70  v/o  Hydrogen  Peroxide,  and  Water 
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Figure  2,20„  Viscosity  of  Hydrogen  Peroxide  and 
Water  Vapor 
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TEMPERATURE,  C 

Figure  2,23.  Dielectric  Conetant  of  Propellant-Grade 
Hydrogen  Peroxide-Vater  Solutions 
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TEMPERATURE,  F 

Figure  2.23a.  Dielectric  Constant  of  Propellant-Grade  ^drogen  Peroxide-Water  Solutions 


Figure  2.24.  Heat  Flux  Front  a  547  Stainleaa-Steel 
Surface  to  90  v/o  Hydrogen  Peroxide 
as  a  Function  of  Surface  Teaperature 
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Heat  Flax,  Btu/**c-in. 


Figure  2. 23. Typical  Curve  of  Heat  Flux  vs  Inaide  Wall  Temperature 
(98  v/o  Hydrogen  Peroxide  1-1/2  lucheu  Upistream 
From  Exit  of  Heated  Section) 
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Flfur*  2. 26. Correlation  of  Heat  Transfer  Coefficient*  of  98  w/o 
i^dregt  n  Peroxide  With  Dittue-Doeltcr  Equation 
(Cenrectire  Keqion) 
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Figure  2. 27 •Correlation  of  lleat  Transfer  Coefficient*  of  98  »/ o 
Hydrogen  Peroxide  Witli  Colburn  Equation 
(Convective  Region) 
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Figure  2.28.  Correlation  of  Heat  Transfer  Coefficients  of  98  w/o 
Hydrogen  Peroxide  With  Sieder-Tate  Equation 
(Convective  Region) 
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SECTION  3:  PRODUCTION 


3.1  MANUFACTURING  TECHNIQUES 

3.1.1  .  Preparation 

The  early  laboratory  preparation  of  hydrogen  peroxide  vae  based 
on  the  technique  that  Thenard  used  during  the  initial  preparation 
of  hydrogen  peroxide.  In  this  technique,  barium  nitrate,  puri¬ 
fied  by  re crystallization,  vas  decomposed  by  heating  in  air  in  a 
porcelain  retort.  The  resulting  oxide  was  further  oxidized  by 
heating  in  a  stream  of  oxygen  to  a  dull  red  heat.  The  barium 
peroxide  which  formed  was  then  dampened,  ground,  and  dissolved 
in  hydrochloric  acid  (nitric  acid  was  used  in  Thenard's  initial 
experiments).  A  slight  excess  of  sulfuric  acid  was  then  added 
to  precipitate  barium  sulfate  and  regenerate  hydrochloric  acid. 
The  procedure  of  barium  peroxide  solution  and  sulfate  precipita¬ 
tion  was  repeated  several  times  in  the  sune  solution  to  increase 
the  peroxide  concentration  (concentrations  of  up  to  53  percent 
by  weight  hydrogen  peroxide  could  be  achieved  in  this  manner). 

The  concentrated  solution  containing  water,  hydrogen  peroxide, 
and  hydrochloric  acid,  along  with  accumulated  impurities,  vas 
copied  with  ice  and  saturated  with  barium  peroxide;  iron  and 
manganese  impurities  in  the  solution  were  then  precipitated  out 
as  phosphates.  The  hydrochloric  acid  vas  removed  by  the  addition 
of  silver  sulfate  and  the  sulfate  ion  was  removed  by  the  subse¬ 
quent  addition  of  barium  oxide.  Further  concentration  was  accom¬ 
plished  by  vacuum  distillation  until  "no  further  density  increase 
occurs."  Thenard  reported  that  100  v/o  hydrogen  peroxide  (on 
the  basis  of  density  data  and  the  measurement  of  the  volume  of 
oxygen  released)  could  be  obtained  by  this  technique. 
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The  first  record  of  commercial  production  of  hydrogen  peroxide 
appeared  in  the  1865  to  1875  period.  The  first  commercin'  pro¬ 
duction  in  the  United  States  was  by  the  Oakland  Chemical  Company, 
Brooklyn,  New  York,  in  1881.  Laporte  Chemicals  Ltd.  established 
a  factory  in  Yorkshire,  England,  in  1888.  With  the  exception  of 
substitution  of  f luorosilicic  acid  for  the  hydrochloric  acid, 
Thenard's  process  was  used  essentially  unchanged  for  the  manu¬ 
facture  of  hydrogen  peroxide  until  nearly  1900.  The  formation  of 
hydrogen  peroxide  in  the  electrolysis  of  sulfuric  acid  was  first 
reported  in  1853;  later  developments  made  the  manufacture  of 
hydrogen  peroxide  by  an  electrolytic  process  possible  in  1908. 

By  1939,  only  10  percent  of  the  world's  production  was  by  the 
barium  peroxide  process. 

Currently,  hydrogen  peroxide  is  commercially  manufactured  either 
by  an  electrolytic  (inorganic) method  or  one  of  two  organic  proc¬ 
esses.  The  electrolytic  process  (Ref.  3-l)  involves  the  electro¬ 
chemical  formation  of  either  peroxydisulfuric  acid  or  piroxydi- 
sulfates  (from  an  ammonium  bisulfate  solution),  their  subsequent 
hydrolysis  and  separation  of  hydrogen  peroxide  by  distillation. 
The  basic  equations  for  these  reactions  may  be  summarized  as 
follows: 


2NH.HS0.  - 
4  4 

electrolysis  ( 

►  (NH4)2S208  +  Hj, 

(nh4)2s208 

hydrolysis 

►2NH4HS04  +  HgOg 

Although  sulfuric  acid  may  be  used  as  the  starting  nmterial,  the 
ammonium  bisulfate  process  is  cheaper  and  has  a  higher  cell 
efficiency. 

The  electrolysis  is  carried  out  in  stoneware  tanks  with  platinum 
electrodes;  conversion  of  bisulfate  to  the  persulfate  takes  place 
at  the  anode.  After  hydrolysis  of  the  persulfate  (with  steam) 
in  an  evaporator,  the  resulting  dilute  aqueous  solution  of  HgOg 
is  separated  from  the  bisulfate  and  further  distilled  in  a 
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stoneware  distillation  co  linen.  The  resulting  solution  la  approx¬ 
imately  30  w/o  HgOg.  Both  tha  cathode  liquor  (after  purification) 
and  tho  bieulfate  froai  the  evaporator  (and  separator)  are  recycled 
back  to  the  cells. 

One  of  the  organic  processes  used  commercially  for  the  manufacture 
of  hydrogen  peroxide  involves  the  catalytic  reduction  of  a  substi¬ 
tuted  anthraquinone  and  subsequent  oxidation  back  to  the  quinone 
structure  with  the  production  of  HgOg  (Ref.  3*2).  Although  the 
process  may  vary  slightly  among  the  several  commercial  manufac¬ 
turers  who  use  it,  the  basic  reactions  can  be  summarized  as 
follows: 


H2°2 


where  B  may  be  ethyl,  t-butyl,  etc. 

The  reduction  of  the  substituted  anthraquinone  with  hydrogen  is 
accooplished  from  room  temperature  to  40  C  or  more  aud  at  1  to  3 
atmospheres  of  pressure  in  the  presence  of  a  Raney  nickel,  nickel, 
palladium,  or  platinum  catalyst.  The  catalyst  is  separated  from 
the  hydroquinoue  solution  and  recycled  to  the  hydrogens tor.  After 
oxidation  of  the  hydroquinone  by  either  air  or  oxygen,  the  result¬ 
ing  quinone  solution  containing  0.3  to  1  w/o  V*  is  extracted 
with  water  at  23  to  40  C.  The  aqueous  solution  of  hydrogen  perox¬ 
ide  (~  13  to  35  w/o  H^O^)  *8  c*ftanod  of  organic  contamination  and 
vacuum  distilled  to  ~  70  w/o  HgOg*  The  organic  phase  from  the 
extractor  is  evaporated  from  entrained  water,  partially  dried, 
cleaned  of  (by  a  decomposition  catalyst),  and  recycled  as 

the  work  solution  in  the  hydrogenator. 
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Tii«  second  organic  process  used  in  the  present  cosssercial  manu- 
facture  of  hydrogen  peroxide  is  based  on  the  oxidation  of  pro¬ 
pane  or  a  propane  derivative  (such  as  isopropyl  alcohol). 
Although  the  actual  details  of  hydrogen  peroxide  manufacture  by 
these  processes  are  not  defined,  the  basic  reactions  of  the  pro¬ 
pane  oxidation  are  postulated  as  follows  (Ref.  3 .3): 


<W-V'C3V 


SV  *  °2~ 

— **-CyEL,00- - ►  oxygenated  species 

SV  *  °2- 

--m-C3H6  +  H02- 

CJL-  ♦  -H— 

*^C2H4  +  CH4 

HV  +  C3Hg - -Cjiy  .  ^o2 


As  noted,  the  side  products  in  this  reaction  series  are  a  variety 
of  oxygenated  organic  species,  propylene,  methane,  and  ethylene. 

The  oxidation  of  isopropyl  alcvhol  may  occur  as  follows  (Ref,  3*3): 

(CRj^CHQH  +  02 - ►(CH3)2CO  + 

It  is  reported  that  the  latter  reaction  can  be  conducted  in 
either  the  liquid  or  vapor  phases,  hydrogen  peroxide  concentra¬ 
tions  of  15  to  17  w/o  an<*  ^5  to  30  w/o  are  stained 

from  the  propane  and  isopropyl  alcohol  oxidations,  respectively. 


3.1.2  Concentration 


In  most  applications  outside  the  propulsion  field,  only  dilute 
solutions  of  hydrogen  peroxide  are  required  and  the  product  grades 
normally  obtained  from  the  conventional  commercial  processes  are 
adequate.  To  meet  the  demands  of  propellant-grade  hydrogen  per¬ 
oxide,  additional  concentration  is  required.  Although  hydrogen 
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peroxide  it  normally  concentrated  commercially  by  fractional  dis¬ 
tillation  to  concentrations  *  90  v/o  HgO^,  other  concentration 
procedures,  such  as  fractional  crystallisation  combined  vith  vacuum 
distillation,  have  been  frequently  used  for  small-scale  purifica¬ 
tion,  The  concentration  of  the  90  v/o  solutions  to  ~  96  v/o 
HgOg  is  presently  being  accomplished  commercially  (Ref.  3.4)  by 
fractional  crystallisation.  This  crystallization  process  also 
removes  most  of  the  impurities. 

The  high  volatility  of  water  with  respect  to  hydrogen  peroxide 
smites  it  relatively  easy  to  concentrate  peroxide  by  simple  dis¬ 
tillation  procedures;  however,  there  are  several  disadvantages 
to  this  technique.  Concentration  of  the  nonvolatile  impurities, 
which  occurs  in  the  hydrogen  peroxide  during  distillation, 
decreases  the  stability  of  the  product.  In  addition,  the  rate 
of  decomposition  increases  with  temperature  rise  (2.3  times  for 
each  10  C  rise  in  temperature).  Finally,  hydrogen  peroxide  vapors 
which  are  in  excess  of  26  m/o  IL,0  are  explosive. 


.1.3  Purification 


For  some  purposes,  a  relatively  high  impurity  and  stabilizer  con¬ 
tent  suty  be  innocuous  and  a  lower  stability  acceptable;  however, 
for  most  propellant  applications  it  is  essential  that  the  impuri¬ 
ties  be  removed  or  kept  to  a  minimum.  This  is  particularly  true 
when  concentrations  of  80  w/o  or  more  are  desired.  High  purities 
in  the  propellant-grade  solutions  are  obtained  by  a  multiple-stage 
distillation  process  in  which  the  hydrogen  peroxide  is  coaq>letely 
vaporised  in  the  first  stage,  leaving  only  the  nonvolatile  impur¬ 
ities.  A  vacuum  distillation  is  usually  performed  (Ref.  3*3) 
to  keep  the  temperature  (and  subsequently,  the  decomposition) 
to  s  minimum.  This  technique  slso  decreases  the  potential 
explosion  hassrd. 

Theoretically,  the  removal  of  impurities  by  distillation  or  frac¬ 
tional  crystallisation  should  be  complot?  cept  for  impurity 
pickup  froc  the  apparatus  itself  in  either  the  final  process 
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condenser  or  receiver.  How  er,  because  of  tbs  catalytic  impur- 
ities  acquired  during  the  handling  and  storage  operations,  a 
stannate  stabiliser  is  usually  employed  in  small  concentrations 
to  buffer  the  effects  of  these  inpurities.  However,  the  gradual 
dropout  of  this  stabiliser  during  storage  results  in  additional 
esq?  has  is  on  the  importance  of  impurity  rest  oval  frost  hydrogen  per¬ 
oxide  solutions. 

Although  ionic  impurities  may  be  removed  by  applying  an  electric 
potential,  the  use  of  ion-exchange  resins  may  prove  to  be  a  more 
practical  means  of  purification  because  this  method  could  be 
applied  easily  at  the  point  of  final  use  to  remove  contamination 
acquired  during  transfer  operations  as  well  as  residual  manufac¬ 
turing  impurities.  Extensive  experimental  studies  in  this  area 
(Hef.  3.5)  have  indicated  that  stannic  acid  seems  the  moot  likely 
choice  for  an  ion-exchange  media. 


3.2  CURHHJT  PRODUCTION 


3.2.1  Availability 


The  principal  European  manufacturer  of  hydrogen  peroxide  is 
Laporte  Chemicals,  Ltd.  of  Luton,  Bedfordshire,  England.  Prin¬ 
cipal  U.S.A.  manufacturers  are  Allied  Chemical  &  Dye,  Columbia 
Southern  Chemical  Corporation,  E.  I.  duPont  de  Nemours  and  Com¬ 
pany,  Inc.,  Food  Machinery  and  Chemical  Corporation  (fMC),  and 
Shell  Chemical  Company.  Of  these  U.S.A.  manufacturers, 
duP>nt  (anthraquinone  process),  fMC  (electrolytic  and  anthra- 
quinone  processes),  and  Shell  (oxidation  of  isopropyl  alcohol) 
are  the  siajor  producers  of  propellant-grade  (*  70  w/o  ■W 
hydrogen  peroxide.  Allied  Chemical,  which  presently  produces 
Hg^  Kr*des  to  70  v/o,  has  indicated  a  potential  interest  in 
production  of  higher  grades.  Presently,  fMC  is  the  only  comsier- 
cial  manufacturer  of  >  90  w/o  H^Cg  grades.  Although  hydrogen 
peroxide  concentrations  of  99.7  to  99. 8  w/o  HgOg  have  been  pro¬ 
duced  commercially  (Bef.  3.4  and  3*6),  the  economic-  and 


140 


application-feasibility  tradeoff  will  probably  limit  cowercial 
manufacture  to  maximum  concentration*  of  98  to  99  v/o  H^O^. 

The  production  of  hydrogen  peroxide  van  eeiimatud  (Ref.  3.7)  to 
be  55#  000  short  tone  (ae  100  v/o  H,,0  )  for  the  year  I960.  TUie 

4m  a 

quantity,  which  includes  ail  grades  of  hydrogen  peroxide,  repre¬ 
sents  an  increase  over  the  productions  of  52,507#  45, 519,  and 
39# 085  short  tons  which  were  quoted  for  the  previous  3  years. 
The  present  production  capacities  of  the  duPont  (Memphis,  Tcnn.), 
FMC  (Buffalo,  N.Y.,  Charleston,  W.  Va.,  and  Vancouver,  B.C.),  and 
Shell  (Norco,  La.)  hydrogen  peroxide  plants  have  been  quoted  as 
2.5  *  10  ,  3  *  106,  and  >  5  x  10^  pounds  hydrogen  peroxide  (as 
100  w/o  Hr,0r>)  per  year,  respectively. 

Hydrogen  peroxide  is  available  in  various  quantities  up  to  tank 
car  sices  (4000- ,  6000-,  or  8000-gallon  capacity).  The  use  of 
500-  and  1300-gnilon  capacity  portable  hydrogen  peroxide  tanks 
that  can  be  filled  at  the  plant  and  used  as  storage  vessels  at 
the  user's  site  offers  suuiy  advantages,  particularly  for  remote, 
overseas,  or  temporary  sites.  Tank  trucks  with  capacities  up  to 
4000  gallons  are  presently  in  service  or  available.  Small  quan¬ 
tities  are  nomnlly  purchased  in  30-gallon  drums. 


3.2.2  Cost 

Because  hydrogen  peroxide  sales  are  of  a  highly  competitive  nature, 
the  cost  of  propellant-grade  hydrogen  peroxide  is  flexible.  The 
grade  (including  concentration,  purification,  stabilisation,  etc.), 
quantity,  and  present  competition  are  all  prime  factors  in  the 
determination  of  hydrogen  peroxide  cost.  Thus,  all  individual 
manufacturers  should  be  contacted  at  the  time  of  procuraswnt  to 
determine  the  exact  coat. 
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For  the  purpose  of  estimation,  the  current  price  list  (Ref.  3-&) 
of  fNC  includes  the  following  prices  for  three  different  grades 
of  hydrogen  peroxide  in  tank  car  quantities: 

9«  w/c  — l0.6o/lb 

90  w/o  H,202— $0.50/1  b 
70  v/o  $0.34/1  b 

The  quoted  list  prices  of  the  other  manufacturers  are  similar 
for  the  90  and  70  w/o  &2°2  8ra^eB*  however,  the  last  Air  Force 
procurement  (FY  lyt>7 )  of  90  w/o  HgO,,  was  based  on  a  cost  of 
$0.23+  (tank  car  lots)  to  $0.30/ib  (drum  lots). 

In  the  procurement  of  low  concentrations  of  hydrogen  peroxide 
for  initial  system  passivation,  pond  decontamination,  or  other 
applications  requiring  limited  stability,  it  has  been  recommended 
by  various  manufacturers  that  higher  concentrations  be  purchased 
and  diluted  on  site;  this  technique  effects  sqbk  cost  savings 
in  transportation  (cost  per  pound  of  solution  shipped  as  HgOg). 
However,  for  the  high-purity  grades  or  grades  requiring  special 
degrees  of  stabilisation,  product  treatment  should  be  limited  to 
that  performed  at  the  manufacturing  site. 

PROPELLANT  SPECIFICATION 

Currently,  there  are  two  government  specifications  for  the  pro¬ 
curement  of  hydrogen  peroxide.  These  are: 

1.  MIL-P-16005D,  "Propellant,  fydrogen  Peroxide," 

(18  March  1965). 

2.  MIL-B-22868  (Wep) — 'Hydrogen  Peroxide  -  Stabilized, 

7 0}t  and  90JL  (for  Torpedo  Use),"  (21  March  1961 ). 


In  addition,  during  th*  development  and  utilisation  of  ths 
Beds ton*  Hioaila  By s ten,  Ultra  was  a  “purchase  dtacription" 
document,  ,  datad  Ik  August  195#,  which  was  iaautd 

by  the  Army  Balliatic  Miaaile  Agency  for  the  purpose  of  procure- 
ment  of  u**^  this  eystan.  Altnough  no  louger  applicable, 

this  document  controlled  the  previous  procurement  of  7b  v/o  11^0^. 

A  comparison  of  the  Units  and  analytical  techniques  used  in  these 
specifications,  which  have  been  used  in  the  procureneut  of  90  w/o 
propellant-grade,  70  and  90  v/o  torpedo-grade,  and  7b  v/o  propellant- 
grade  hydrogen  peroxide,  respectively,  is  presented  in  Table  3.1. 

It  should  be  noted  that  nany  of  the  users  of  propellant-grade 
hydrogen  peroxide  have  company-procurement  end  use  specifications 
for  hydrogen  peroxide;  however,  because  of  the  nany  variations, 
these  apecif icationa  are  not  discussed  in  this  handbook. 

The  isipurity  linits  established  for  torpedo-grade  hydrogen  peroxide 
are  based  on  stabilisation  requirements  for  maximum  storability  with 
respect  to  to  pedo  use;  thus,  the  high  concentrstions  of  the  phosphates, 
tin,  and  nitrate  ions  are  requir  d.  In  the  establishment  of  limits 
for  propellent-grade  hydrogen  peroxide,  minimum  stabilisation  require¬ 
ments  hsd  ts  be  set,  but  impurities  that  cause  i*r. Or,  catalyst  poisoning 
were  strictly  controlled.  These  impurities  were  identified  during  an 
experimental  study  reported  in  fief.  3 <6.  Phosphate,  which  acta  aa  a 
stabiliser  by  complexity  the  heavy  metal  ions  which  promote  decom¬ 

position,  ia  a  severe  catalyst  poison;  thus,  its  content  in  propellant- 
grade  H^Og  is  limited.  Tin  (ae  stannous  chloride)  ie  added  to  the 
peroxide  aa  a  stabiliser  to  offset  the  affects  of  residual  phosphate; 
therefore,  a  minimum  limit  was  established  for  tin.  (The  tin  content 
in  wtll  gradually  decline  during  storage  due  to  drop-out  from 

the  solution).  The  chloride  and  sulfate  ions  are  limited  because 
they  cause  container  corrosion  (through  solution  of  aluminum). 

Nitrate  has  bean  found  to  inhibit  the  effects  of  chloride  and  sulfate, 
and  a  lower  level  ha  a  bean  established  for  this  ion  to  inhibit  con¬ 
tainer  corrosion.  Although  certain  carbonaceous  materials  are  known 

to  be  catalyst  poisons,  the  affect  of  carbon  is  not  entirely  dsfinod. 
This  effect  ia  discussed  further  in  Section  7-2. 1.3.1. 
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All  manufactursrs  of  propellant-grads  90  v/o  hydrogen  peroxide 

can  pit aontl^  meet  the  limits  established  in  H1L-^P- 160050.  This 

ia  illuatratad  in  Yabla  J.2  with  typical  analyses  of  producta  iron 

tliraa  diffarant  manufacturers,  dul’ont,  PHC,  and  Shall,  compared  to 

the  procurement  apecif ication  requirements. 

NOTE:  Although  there  arc  a one  differ¬ 
ences  iu  impurity  types  and  levels  in 
the  hydrogen  peroxide  produced  by  the 
various  manufacturers,  the  limits  cri¬ 
teria  established  by  M1L-P-16005D  are 
adequate  to  govern  the  procurement  and 
operational  quality  of  propulai on-grade 
90  v/o  hydrogen  peroxide.  Further  dis¬ 
cussion  of  this  analysis  is  presented  in 
Section  7  >2. 1 .3  • 


Currently,  there  is  no  government  procurement  apecif ication  for 
9S  v/o  hydrogen  peroxide.  However,  the  Air  Force  Rocket  Propul¬ 
sion  Laboratory,  which  has  been  asaigued  primary  reapouaibili ty 
for  DQD  and  NASA  propellant  specification  coordination,  baa  indi¬ 
cated  (lief.  3-9)  that  a  procurement  specification  for  9«  v/o  “A 
will  be  released  iu  1967-  Present  plans  are  to  revise  M1L-P- 
10005D  to  include  the  limitations  for  higher  concentrations  of 
HgO^.  The  tentative  limits  ou  the  HgOg  assay  of  the  higher  con¬ 
centration  are  9h  v/o  minimum  and  99  v/o  maximum.  In  addition, 
the  revision  will  include  sasw  changes  iu  the  analytical  tech¬ 
niques  recomneuded  in  the  present  specification.  An  indication 
of  theae  changes  is  given  in  the  following  discussion  under 
Chemical  Analysis. 


ClffMlCAL  ANALYSIS 


The  currently  recommended  procedures  and  techniques  for  the  com¬ 
plete  analysis  of  propellant-grade  hydrogen  peroxide  arc  pre- 
aeuted  in  the  appropriate  procurement  specifications.  The  chem¬ 
ical  analysis  of  other  propellant  grades,  not  included  in  the 
present  procurement  specifications,  can  be  conducted  with  similar 
techniques.  Chemical  analysis  techniques  for  hydrogen  peroxide 
also  ere  available  from  the  hydrogen  peroxide  smuufacturers 
upon  request. 


Because  *2  tbc  apace  limi tat  ions  of  this  handbook  and  the  ready 
availability  of  the  analytical  procedure*,  they  «r*.  not  repro¬ 
duced  in  this  handbook,  fiomrcr,  in  sumeulion  of  the  analytical 
techniques  recommended  by  M1L-P-16005D,  II^Cl  assay  ie  determined 
by  standard  titration  with  ceric  oulfate  to  a  ferroin  end  point. 
The  Al,  Cl,  NU^,  NQ^,  PO^,  and  SO ^  ions  are  all  determined  spec- 
trophotosHjtri cully,  and  tin  is  determined  polarographieally . 
Carbon  content  is  determined  by  combusting  the  sanqple  in  a  fur¬ 
nace  to  change  the  carbon  materials  to  CO^;  this  is  subsequently 
determined  by  titration  (lief.  3.9).  There  are  some  difference's 
in  the  analytical  techniques  recommended  by  MIL-P-16005D  ard 
those  recosmiended  by  the  various  manufacturers  and  used  in  the 
industry.  The  differences  in  these  procedureu,  which  are  for 
the  most  part  minor,  are  susmariced  in  the  following  paragraphs. 
The  Air  Force  docket  Propulsion  Laboratory  has  recognised  these 
differences  and  has  indicated  probable  changes  in  the  presently 
recoomended  analyiioMl  1 'chaiques  during  the  next  revision  of 
the  procurement  specification. 


3.4.1  Assay 


Although  M1L-P-16005P  recommends  determination  of  OB*alr  by 

ceric  sulfate  titration,  a  survey  of  the  industry  has  indicated 
that  most  laboratories  prefer  assay  determination  by  a  per¬ 

manganate  titration  because  of  the  ease  in  identification  of  the 
end  point.  However,  all  laboratories  can  perform  the  ceric  sul¬ 
fate  titration  with  equivalent  accuracies. 


3.4.2  Aluminum 


In  the  spectropho tome trie  procedure  specified  in  MIL-P-16005D 
for  determination  of  the  aluminum  ion,  an  aluminon-gelatii.  • 
buffer  solution  is  used  for  color  formation.  Th»  duPont 
(Bef.  3J0)  and  Shell  (Bef;  3-ll)  procedures  suggest  the  use  of 
8-fydre^yquinoline  and  extraction  with  chloroform  for 
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color  formation.  The  INC  (Ref.  3.6a)  procedure  suggests  that 
the  temple  size  be  increased  Iron  10  to  25  milliliter*  and  that 
the  buffer  solution,  prepared  by  the  apecification  method,  may 
be  alightly  leas  stable  than  the  buffer  solution  preparation 
detailed  in  the  INC  procedure. 


3.4.3  Chloride 

Shell  (Ref.  3*12)  suggests  determination  of  the  chloride  ion  by 
measurement  of  turbidity  vith  a  colorimeter  instead  of  the  spec¬ 
trophotometer  specified  in  MIL-P-16005D.  The  INC  procedure 
(Ref.  3.6b)  is  a  colorimetric  method  using  mercuric  thiocyanate 
and  ferric  ammonium  sulfate. 

3.4.4  Ammonium 

In  determination  of  the  ammonium  ion  by  spectrophotometry,  duPont 
(Ref.  3. 10)  separates  the  ommoniA  from  the  other  contaminants  by 
distillation  before  color  formation.  The  INC  (Ref.  3*6)  and 
Shell  (Ref.  3*13)  procedures  essentially  agree  with  MIIj-P-16005D 
except  INC  suggests  that  greater  accuracy  may  be  achieved  by 
increasing  the  sample  size  from  10  to  30  milliliters. 

3.4.5  Nitrate 


INC  (Ref.  3*6)  recommends  that  the  heating  step  with  the  phenol- 
di sulfonic  acid  reagent,  employed  in  the  determination  of  the 
nitrate  ion,  be  increased  to  15  minutes  (from  5  minutes)  to 
ensure  complete  contact  and  nitration  of  the  sample  residue. 

The  Shell  procedure  (Ref.  3*14)  utilizes  a  larger  saiq)le  size 
and  increases  the  heating  time  to  10  minuter. 
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The  duPont  procedure  for  the  determination  of  the  phosphate  ion  is 
essentially  identical  to  MIL-P— 16C05D  except  that  the  ether  extrac¬ 
tion  is  omitted  (Ref.  3.10).  The  Shell  (Ref.  3 *15)  procedure  also 
omits  the  ether  extraction  and  uses  hydrazine  instead  of  stannous 
chloride  to  develop  the  molybdenum  blue  color.  The  INC  (Ref.  3.6c) 
procedure  is  somewhat  different.  IMC  (Ref.  3*6)  reports  that 
attempts  to  use  this  procedure  (MIL-P-16005D)  failed  to  give 
valid  or  comparative  results.  Although  only  preliminary  investi¬ 
gations  have  been  conducted,  studies  indicate  an  error  in  pH 
adjustment  of  the  sample  solution  before  extraction  with  ether. 

It  also  appears  that  the  stannous  chloride  reagent  is  too  acid, 
as  the  blue  molybdate  color  is  removed  by  this  reagent.  Three 
reagents  added  to  the  sample  solution  (HBr,  HC1,  and  HNO^),  are 
not  added  in  the  calibration  curve  procedure.  Thus,  the  PO^ 
content  of  the  sample  could  be  enhanced  by  any  PO^  contained  in 
these  reagents . 


3.4,7  Sulfate 


For  the  determination  of  sulfate,  duPont  (Ref.  3*10)  recommends 
the  use  of  a  preliminary  perchloric  acid  oxidation  to  measure 
total  sulfur,  instead  of  only  sulfate  sulfur.  Shell  (Ref.  3*16) 
recommends  precipitation  with  barium  chloride,  stabilization  of 
the  suspension  by  the  addition  of  alcohol  and  glycerine,  and 
turbidity  measurements  with  a  photoelectric  colorimeter.  IMC 
(Ref.  3«6d)  also  suggests  the  use  of  a  turbidimeter  (rather  than 
the  spectrophotometer),  and  a  method  which  converts  SO^  to  HgS 
instead  of  a  caustic  addition  with  BaSO^  precipitation. 
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3.4.8 


Tin 


Both  dnPont  (Rof.  3»10)  and  FNC  (Ref.  3.6e)  suggest  the  use  of 
a  polarographic  Method  for  determining  tin  in  contrast  to  the 
apectrophotometric  technique  recoassended  in  MIL-P-16Q05D.  Shell 
(Ref.  3.17)  uses  a  spectropho tome  trie  technique  which  is  differ¬ 
ent  frost  that  in  the  M1L-P-1 6005D ;  the  stannic  tin  is  extracted 
into  an  8~hydroxyquinoline-chlorof orm  solution  at  a  pH  of  0.83, 
and  the  tin  is  detemined  spectrophotometrically  in  the  chloro¬ 
form  extract. 


3.4.9  Carbon 

DuPont  (Ref.  3.10)  suggests  that  measurement  of  change  in  con¬ 
ductivity  of  the  barium  hydroxide  scrubbing  solution  is  a  more 
accurate  technique  for  carbon  determination  than  the  titration 
recommended  in  MIL-P-16005D.  IMC  (Ref.  3.6)  suggests  that  the 
MIL— P-I6OO5I?  procedure  is  (l)  "time  consuming  and  hence  expen¬ 
sive  to  run,  and  (2)  it  requires  rather  elaborate  combustion 
equipment."  Instead,  PMC  suggests  the  use  of  a  procedure 
(Ref.  3.6f)  vhere  the  sample  is  decomposed  by  addition  of  silver 
nitrate  solution  and  the  noncondensable  vapors,  from  boiling  of 
the  resulting  solution,  are  passed  through  a  combustion  tube 
packed  with  copper  oxide  at  730  C;  the  resulting  gas  is  passed 
through  a  solution  of  barium  hydroxide  and  potassium  persulfate, 
which  is  then  titrated  with  standard  HC1  solution  to  determine 
carbon .  Shell  (Ref.  3*18)  uses  a  combustion  technique  to  con¬ 
vert  the  carbon  to  COg,  which  is  determined  in  a  gas  chromato¬ 
graphic  column. 

3.4.10  Residue 


DuPont  (Ref.  3.1(J  obtains  residue  by  atmospheric  pressure  con¬ 
centration  rather  than  in  a  vacuum  oven. 


3*4.11  Particulate 

The  a tr infancy  of  tha  particulate  limit,  1  ng/ liter,  established 
by  KIL-P-16005D  has  been  noted  (Bef.  3.6)  in  comparison  to  that 
established  (10  ng/ liter)  for  other  propellants.  In  addition, 
duPont  (Bef .  3>10)  prefers  the  use  of  a  Teflon  polytetrafluor- 
ethylene  filter  instead  of  a  polyethylene  filter  for  reasons 
of  safety. 

3.4.12  Stability 


Host  laboratories  prefer  gas  collection  techniques  for  deter¬ 
mining  stability  in  contrast  to  the  weight  loss  technique  recom¬ 
mended  in  M1L-P-16005D. 


3.5 
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TABLE  5.2 


COMPARISON  OF  TOPICAL  ANALYSES  FOR  PROPELLANT-GRADE 
90  v/o  HYDROGEN  fEROXIDE  FROM  THREE  DIFFERENT 
COMMERCIAL  MANUFACTURERS 


Military 

Specification 

DuPont 

Shell 

FMC 

Percent  11^0^ 

90.0  to  91.0 

90.7 

90.7 

90.8 

Percent  AOL 

5.0  maximum 

0.9 

0.3 

1.1 

Carbon,  mg/liter 

200  maximum 

11 

150 

BDL* 

Residue,  mg/liter 

20  maximum 

15 

15 

15 

Cl  \  mg/liter 

1 . 0  max imum 

0.2 

<  0.1 

0.2 

PO^-^,  mg/liter 

0.2  maximum 

0.1 

0.04 

0.07 

NO^  1 ,  mg/liter 

3.0  to  5.0 

3 

3.6 

3.5 

SO^  2,  mg/liter 

3.0  maximum 

0.3 

<  3.0 

0.02 

Sn,  mg/liter 

1.4  to  4.0 

1.8 

1.8 

1.9 

NH,,  mg/liter 

3. 0  maximum 

0.3 

A 

© 

0 

© 

Al,  mg/liter 

0.5  maximum 

0.2 

0.2 

0.07 

Insolubles,  mg/liter 

1 . 0  maximum 

<1.0 

<1.0 

<10 

♦Below  Detectable  Limits 
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SECTION  4:  STORAGE  AND  HANDLING 


4.1  STQBABIL1TY 

4.1.1  General 


The  atorability  (or  storage  stability)  of  hydrogen  peroxide  is 
usually  described  in  terms  of  decomposition  rate  and/or  concentra¬ 
tion  change  of  the  H^Og  over  a  Peri°d  of  time.  Brrsause  atorability 
is  direotly  related  to  decomposition,  it  becomes  a  function  of 
the  considerations  involved  in  the  decomposition  mechanisms.  In 
a  simplification  of  these  mechanisms,  vhicb  are  described  in 
detail  in  Section  7»  the  basic  factors  controlling  decomposition 
rate  in  a  storage  system  are  HgO^  concen*,ra“^OD *  temperature; 
impurity  types  and  concentrations  in  the  HgO^j  &D<*  ^e  C0nV08iti°n, 
area,  and  condition  of  the  surface  in  contact  with  the  HgO,,. 
though  many  of  these  factors  are  discussed  in  other  sections  of 
this  handbook  as  a  result  of  studies  of  materials  compatibility, 
passivation  techniques,  decomposition  mechanisms,  etc.,  they  are 
interrelated  and  presented  in  this  section  in  taros  of  atorability. 

Until  tho  early  1960's,  the  generally  accepted  decomposition  rate 
AOL*  of  coMercial,  unstabilized,  propel lant-grade  hydrogen  peroxide 
under  normal  storage  conditions  (e.g.,  in  a  30— gallon  storage  drum 
at  an  8/V  of  0.38  in.  ^)was  «**  1  percent/year  at  ambient  temperatures 
of  77  to  86  F  (Bef.  4.1).  This  rate  is  theoretically  equivalent  to 
a  propellant-grade  hydrogen  peroxide  concentration  loss  of 
~  0.5  v/o  HgOg/year.  Some  examples  of  decomposition  rates  actually 
experienced  during  drum  storage  (under  field  handling  conditions)  of 
various  types  of  hydrogen  peroxide  between  1945  and  1963  are  shown 
in  Table  4.1  in  terms  of  concentration  changes  and  actual  oxygen  loss. 
These  results,  which  are  essentially  representative  of  propellant 
manufactured  before  I960  and  of  storage  at  the  8/V  (0.38  in."1) 
typically  found  in  30-gallon  storage  drums,  were  reported  in  Bef.  4.2. 


*A0L  (active  oxygen  loss)  is  defined  in  Section  4.2. 1.1.4. 
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There  are  iok  discrepancies  noted  in  Table  4.1  between  the  re¬ 
ported  oxygen  losses  aud  the  concentration  changes.  It 

would  appear  that  if  the  sugnitudes  of  the  reported  Hr>°2  concen~ 
tration  changes  were  entirely  attributable  to  decomposition, 

the  oxygon  losses  would  be  much  higher.  Although  it  is  possible 
that  some  of  the  concentration  chauge  during  the  storage 

period  was  due  to  Moisture  absorption  from  the  air  (during  druo 
"breathing"),  the  discrepancies  do  cause  some  doubt  in  the  val¬ 
idity  of  the  oxygen  losses  reported.  Because  the  technique  for 
determination  of  oxygen  loss  is  not  reported,  and  it  ia  assumed 
that  such  a  measurement  would  be  difficult  under  the  uncontrolled 
conditions  of  drum  storage,  the  concentration  chauge  appears  to 
be  the  siost  indicative  factor  of  decosq>osition  rate  duriug  these 
tests. 

From  the  H^Og  concent'ra^^v)n  changes  reported  in  Table  4.1,  the 
decomposition  rate  of  the  unstabilized  90  w/o  cau  esti- 

mated  as  approximately  1-percent  AOL/year  which  corresponds  to 
that  rate  generally  accepted  by  the  iudustiy  during  this  period. 

The  data  presented  in  the  table  also  indicate  ssaller  decomposi¬ 
tion  rates  for  both  the  98  v/o  H^O,,  propulsion  grade  and  the 
stabilized  torpedo  grades  (90  and  70  w/o  U^Og)  under  essentially 
the  sasie  storage  conditions.  These  effects  are  discussed  further  in 
Sections  4. 1.3. 2  and  4. 1.3.5* 

Recently,  improvements  have  been  reported  in  the  storage  stability 
of  hydrogen  peroxide,  particularly,  in  the  90  w/o  grade.  The 
gross  result  of  this  isqirovement  is  illustrated  in  Table  4.2  with 
data  from  studies  conducted  in  1947  (Ref.  4.3)  and  in  1965  (Ref. 

4.1  and  4.4)  on  90  w/o  and  studies  on  99+  w/o  *n  *953 

(Ref.  4.5).  In  this  table  the  rate  of  decomposition  of  the  hy¬ 
drogen  peroxide  hua  been  reported  as  a  function  of  temperature 
and  as  a  function  of  contamination  for  the  three  different  time 
periods.  Although  the  reasons  for  the  improvement  in  hydrogen 
peroxide  stability  are  not  defined  in  Table  4.2,  the  data  nre  in¬ 
dicative  of  the  progress  that  has  been  made  in  the  storability 
of  hydrogen  peroxide. 
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4.1.2  8torabllitv  Improvement  Studies 


This  recent  increase  in  the  storage  stability  of  hydrogen  per¬ 
oxide  is  a  result  of  a  combination  of  factors  including  (l)  in¬ 
creased  purity  of  the  hydrogeu  peri  oxide,  (2)  better  selection 
of  tha  container  Materials,  (5)  improved  surface  treatment  and 
passivation  of  the  container,  and  (4)  development  of  store  effec¬ 
tive  stabilization  techniques.  A  recent  characterisation  of 
these  factors  resulted  from  three  primary-  studies  directed  at 
the  improvement  of  hydrogen  peroxide  etorability.  These  studies, 
vhich  were  conducted  by  duFont  (Rof.  4.6),  FMC  (Ref.  4.7),  and 
Shell  (Ref.  4.1,  4.$  and  4.9),  are  aumuarised  iu  the  following 

paragraphs. 

DuPont  (lief.  4.6)  conducted  studies  on  (l)  the  stability  of  solid 
and  low-tesperature  (32  F)  liquid  hydrogeu  peroxide  (90  to  100 
v/o  UgOg)  in  fyrexj  (2)  the  effect  of  aluminum,  Pyrex,  polyethylene, 
and  fluorocarbon  polymers  on  the  stability  of  HgO,,  *n  ^*e  1*2 
to  158  temperature  range;  and  (3)  the  reaction  mechanisms  of  hy¬ 
drogen  peroxide  decoopoaition.  As  a  result  of  this  study,  the 
decouposition  rate  of  high-purity  or  conanercially  stabilized  hy¬ 
drogen  peroxide  at  -76  to  32  F  was  found  to  be  less  than  0.04 
percent  per  year  in  fyrex.  In  addition,  the  decomposition  rate 
of  90  w/o  H^Og  in  contact  with  a  Teflon  FEP  fluorocarbon  film 
that  had  been  mildly  irradiated  in  air  was  less  than  one-third 
of  the  rate  involved  in  contact  of  the  90  w/o  HgO^  a  passi¬ 

vated  aluminum  surface  and  less  than  one  -half  the  rate  with 
IV  rex. 

Sealed  storage  studies  of  the  commercial  and  propulsion  grades 
of  90  and  98  W°  HgO,,  in  TFE  Tefl  on  bladders  (contained  in  mild 
steel  tanks)  were  conducted  at  70  to  72  F  (5  months),  120  F  (7 
days),  and  165  F  (72  houra)  by  FMC  (Ref.  4.7).  Although  bleach¬ 
ing  and  cracking  of  the  bladders  were  experienced,  the  tests 
demonstrated  a  reduction  in  B^O,,  deconposition  rates  through 
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improved  surface  pretreatment  and  paaaivatioD  techniques  and  use 
of  stabilisers.  Extrapolations  oi  vhe  data  indicated  the  oxygen 
losses  of  9B  w/o  S^Og  vere  less  than  0.4  percent/year  at  70  F  in 
the  bladders.  Compatibility  screening  studies  indicated  that 
other  bladder  Materials  such  as  NAA  Vico&e  185,  duPont  Viton  B 
(805)|  and  3K  Fluorel  2141  were  euperior  to  the  TfE  Teflon  material. 

In  the  study  conducted  by  Shell  (fief.  V.l),  experimental  investi¬ 
gations  vere  directed  into  three  mjor  areas:  (l)  improvement 
of  Hj,o2  purity,  (2)  development  of  an  improved  liquid  decomposi¬ 
tion  inhibition  system,  and  (5)  assessment  of  contuiuer  materials 
of  construction  for  long-term  storage.  Storage  deco"oposition 
rutes  for  90  v/o  '<nere  reduced  to  0.04  percent/year  at  ambient 

tekq<erature  as  a  result  of  UgO,,  stabilisation  and  careful  selec¬ 
tion  and  preparation  of  the  storage  container  material  (Pyrex). 

It  vas  also  indicated  that  the  use  of  other  snte rials  such  as 
ACLAB-3JC  and  Kel-F  plastics,  1260  aluminum,  and  electrolytic  tin 
plate  (special  preparation)  in  large  storage  tanks  [minimum 
surface-to-volume  ratio  (S/v)]  could  reduce  overall  decomposition 
rates  under  normal  storage  conditions  to  0.1  percent/ycar.  Var¬ 
ious  means  of  purification  such  as  distillation,  recrystalliza¬ 
tion,  aud  ion  exchange  on  insoluble  inorgauic  exchangers  have 
also  been  effective  in  reducing  the  decomposition  rate;  it  vas 
also  indicated  that  decoupositiou  rates  of  99  v/o  HgOg  were 
slightly  lover  than  those  of  90  v/o  i^Og  under  the  *ame  environ¬ 
mental  conditions  (including  the  degree  of  contamination). 

Shell  has  continued  the  investigation  of  hydrogen  peroxide  pur¬ 
ification  and  stabilization  techniques  and  the  passivation  of 
container  materials  to  determine  the  feasibility  of  sealed  hydro¬ 
gen  peroxide  storage  for  periods  of  5  years  (Ref.  4.8  and  4.9). 

In  this  study,  vhich  vas  scheduled  to  be  concluded  in  January 
1968,  jS-stannic  acid  vas  determined  to  be  the  most  effective  ion- 
exchange  purification  medium  for  increasiag  the  stability  of 
hydrogen  peroxide  in  storage;  decomposition  rates  of  90  v/o  HgOg 
treated  vith  this  technique  vere  approximately  one-third  the 
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rates  of  untreated  90  w/o  after  storage  in  aluminum  for  periods 

of  1  year.  It  was  also  determined  that  the  minimum  decomposition 
rate  of  hydrogen  peroxide  in  contact  with  aluminum  surfaces  was 
achieved  when  the  aluminum  was  subjected  to  a  caustic-nitric  acid- 
hot  (212  F)  90  w/o  HgOg  pretreatment  sequence  prior  to  testing; 
however,  only  minor  changes  in  stability  resulted  from  various 
types  of  chemical  pretreatment  of  stainless-steel  surfaces  (Tables 
4.31  and  4.31a  and  Section  4.2.2. 12).  The  decomposition  rate  of 
90  w/o  HgOg  in  contact  with  tin-plated  (electroplated)  aluminum 
was  greater  than  that  observed  with  either  the  best  tin  surface 
or  the  beat  passivated  aluminum  surface. 


4.1.3  Factors  Affecting  Storability 

As  noted  throughout  the  various  studies  of  storability,  decomposi¬ 
tion,  passivation,  materials  compatibility,  propellant  purifica¬ 
tion,  etc.,  reported  in  various  sections  of  this  handbook,  storage 
stability  of  hydrogen  peroxide  is  dependent  on  a  variety  of 
factors.  Because  it  is  difficult,  however,  to  separate  the  in¬ 
fluence  of  each  contributing  factor  under  actual  storage  condi¬ 
tions,  many  of  these  studies  have  been  conducted  under  ideal  or 
isolated  environments.  Although,  for  this  reasou,  the  transla¬ 
tion  of  the  data  from  t^ese  tests  into  gross  storability  in  terms 
of  particular  rates  are  difficult,  the  general  degree  of  influence 
can  be  fairly  accurately  predicted  and  established.  Thus,  the 
general  effect  of  factors  such  as  concentration,  purity,  tempera¬ 
ture,  container  material,  container  surface  pretreatment,  and 
passivation,  S/V  container  ratio,  and  propellant  stabilization 
system  on  storability  are  discussed  briefly  in  the  following 
paragraphs. 


4. 1.3.1  Concentration.  Under  equivalent  storage  conditions,  it  has  been 
determined  that  the  storage  stability  of  hydrogen  peroxide  is 
increased  with  its  concentration  (Ref.  4.1  and  4.2).  This  is 
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generally  attributed  to  the  decrease  ia  inpurities  and  ionisation 
with  the  lose  in  water  content,  and  to  the  decrease  in  container 
contact  area  with  decrease  in  surface  tension.  This  effect  is 
illustrated  as  a  function  of  concentration  from  90  to  98  v/o  in 
Fig.  4.1;  comparisons  of  other  decomposition  rates  between  90  and 
98  w/o  BgOg  are  shown  at  two  other  conditions  in  Fig.  4.2  and  4.3. 


4. 1.3.2  . Purification.  As  the  various  inorganic  and  organic  contaminants 
are  removed  from  hydrogen  peroxide-water  solutions,  storage  sta¬ 
bility  will  approach  that  of  high  concentration  (98  w/o)  hydrogen 
peroxide;  however,  because  of  the  various  effects  (described  in 
Section  4.1.3.1)  resulting  from  water  elimination,  the  atorability 
of  the  more  aqueous  solutions  will  never  equal  the  stability  of 
98  w/o  KgOg  assuming  the  some  degree  of  impurities  (Ref.  4.l). 
Current  studies  (Ref.  4.8  and  4.9)  have  demonstrated  that  various 
types  of  purification  techniques  will  produce  hydrogen  peroxide 
with  homogeneous  decomposition  rates  on  the  order  of  0.03  to  0.07 
percent  AOL/yeor  at  77  F. 


4. 1.3. 3  Temperature.  In  general,  the  deconposition  rate  of  hydrogen  per- 

J.  i_  _  j  x  _  _  _  _  rv  *r  i..'. __  _ _ _  _  i-  i  a  n  /in  r»\ 

CaIuC  tiuo  wcu  a  uuuu  i/v*  iucicaov  ^  j  bluicb  101  cotti  iu  V  ^  IO  f  f 

rise  in  temperature;  this  effect  is  illustrated  in  Fig.  4.4  which 
was  reprinted  from  Ref.  4.1.  Other  data  on  this  effect  have  been 
reported  in  Ref.  4.5. 


4. 1.3. 4  Container  Surfaces.  The  ef  ect  of  the  storage  container  on  the 
storobility  of  hydrogen  peroxide  is  essentit .ly  a  function  of 
the  type  of  material,  the  surface  treatment  and  passivation, 
and  the  S/V  of  the  material  in  contact  with  the  liquid  volume. 
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4. 1.3. 4.1 


Container  Material.  The  effect  of  various  materials  in 


contact  with  the  hydrogen  peroxide  ia  described  and  compared 
in  the  Materials  Compatibility  Section  (Section  4.2.2).  How¬ 
ever,  for  conparison  purposes,  decomposition  rates  resulting 
from  the  effect,  of  selected  materials  in  combination  with 
other  effects  are  shown  in  Fig.  4.4  (Ref.  4.l)  and  4.5  (Ref. 
4.1  and  4.10)  for  90  w/o  HgOg. 


4. 1,3. 4. 2  Surface  Treatment  and  Passivation.  Several  studies  (i.e., 

Ref.  4,1,  4.7  to  4.9>  and  4.11  to  4.18)  have  established  the 
importance  and  effect  of  surface  pretreatment  and  passivation 
on  the  decomposition  rate  and  the  stability  of  hydrogen  perox¬ 
ide.  Detailed  data  in  this  area  are  presented  in  Section 
4.2.2.12  and  Tables  4.21  through  4.31a  as  part  of  the  Mater¬ 
ials  Compatibility  Section.  An  example  of  the  effect  of  sur¬ 
face  pretreatment  in  terms  of  storability  of  hydrogen  peroxide 
is  shown  in  Fig.  4.6. 


4. 1.3. 4. 3  Surface  to  Volume  Ratio.  The  effect  of  the  storage  con¬ 

tainer  surface  on  the  decomposition  rote  of  the  hydrogen  per¬ 
oxide  is  usually  illustrated  in  terms  of  S/V.  This  ratio  is 
generally  defined  as  the  immersed  surface  area  (that  area  in 
contact  with  the  liquid  hydrogen  peroxide)/liquid  volume  of 
the  hydrogen  peroxide.  The  relationship  between  these  two 
factors  has  been  found  to  be  an  effective  means  of  expressing 
the  contribution  of  the  heterogeneous  decomposition  rate  of 
the  liquid  to  the  overall  decomposition  rate  of  the  hydrogen 
peroxide. 

In  determination  and  comparison  of  the  compatibility  of  various 

materials,  the  S/V  is  usually  kept  constant.  For  most  of  the 

studies  illustrated  in  Section  4.2.2,  a  sample  size  of  l~l/2 

by  l/2  by  l/l6  inch  has  been  immersed  in  75  milliliters  of 

hydrogen  peroxide,  thus  establishing  a  S/V  value  of  0.38  in.**/ 
3  **1 

in.  (0.38  in.  ).  This  number  generally  corresponds  to  the 
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conditions  found  in  the  storage  of  hydrogen  peroxide  in  a 
standard  30-gallon  storage  drum. 

It  is  obvious  that  as  the  surface  in  contact  vith  the  liquid 
is  reduced  (S/V  -  0),  the  heterogeneous  decomposition  rate  is 
reduced.  Thus  hycragen  peroxide  stored  in  large  storage  tanks 
should  have  a  minimum  decomposition  rate,  assuming  the  equiv¬ 
alency  of  the  other  factors.  This  is  illustrated  in  Fig.  4.3a 
in  which  experimental  studies  (Ref.  4.l)  were  used  to  predict 
the  decomposition  rates  shown  in  the  figure;  as  S/V  is  reduced, 
the  overall  decomposition  rate  of  the  hydrogen  peroxide  ap¬ 
proaches  that  of  the  homogeneous  decomposition  rate.  Further^ 
it  was  indicated  in  this  study  that  "decomposition  rates  of 
the  order  0.1  percent  AOL/year  at  ambient  temperature  appear 
to  be  readily  attainable  by  use  of  highest  quality  (90  w/o 
H^Qg)  stabilized  with  sodium  stannate  and  stored  in  vessels 
of  lov  surface  activity  and  low  S/V  ratio. 

Other  experimental  studies  (Ref.  4.5  and  4,10)  of  th<5  effect 
of  S/V  on  hydrogen  peroxide  storability  are  illustrated  in 
Fig.  4.5b,  4.5c,  and  4.7.  Figure  4.5a,  4.5b,  and  4.5c  also 
indicate  the  effect  of  S/V  as  a  function  of  different  materials 
Figure  4.7  represents  work  (Ref.  4.5)  that  attempted  to  limit 
the  homogeneous  decomposition  rate  through  the  use  of  high 
purity  (99+  w/o)  hydrogen  peroxide  and  limit  the  catalytic 
effect  of  the  container  surface  by  using  carefully  pretreated 
glass.  It  was  concluded  from  the  latter  study  that  "the 
whole  inside  surface  of  the  container  plays  a  part  in  the 
decomposition,  but  per  unit  area  the  immersed  surface  is 
more  effective  than  the  nonimmersed  surface." 

4. I.3.5  Stabilization.  The  use  of  stabilizers  to  improve  hydrogen 

peroxide  storage  stability  is  essentially  based  on  the  premise 
that  they  will  inhibit  decomposition  by  contamination  incurred 
during  storage  and  handling  operations.  '  If  the  hydrogen 
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peroxide  could  be  protected  against  contact  with  soluble  and 
insoluble  contaminants,  stabilization  would  not  be  required.  In 
addition  to  the  contamination  of  the  hydrogen  peroxide  by  the 
system  fabrication  materials,  11^0,  contamination  may  result 
from  improper  storage  and/or  handling  system, cleaning  and 
passivation  techniques.  The  incomplete  removal  of  organic 
solvents,  acid?,  detergents,  chromic  acid  cleaning  solutions, 
etc.,  by  inadequate  rinsing  or  the  use  of  rinse  waters  which 
contain  various  impurities  can  readily  cause  contamination  of 
hydrogen  peroxide  by  the  storage  or  handling  system.  For 
the  preceding  reasons,  and  because  the  normally  manufactured 
hydrogen  peroxide  does  contain  traces  of  impurities  that  will 
cause  decomposition,  some  degree  of  stabilization  has 

been  effected  in  most  of  the  commercially  manufactured  hydro¬ 
gen  peroxide.  The  degree  and  type  of  stabilization  has  de¬ 
pended  on  the  planned  use  of  the  HgOg* 

There  is  no  single  stabilizing  agent  which  may  be  designated 
as  the  most  effective  or  the  most  desirable.  The  selection  of 
a  stabilizer  must  be  made  with  regard  to  the  conditions  under 
which  the  hydrogen  peroxide  ultimately  is  to  be  used,  to  the 
type  of  contamination  likely  to  be  encountered,  and  to  such 
considerations  as  the  required  storage  period  and  the  probable 
prevailing  temperature  during  that  storage  period.  If  the 
storage  period  is  to  be  relatively  brief,  an  organic  stabil¬ 
izer  may  be  satisfactory;  however,  over  a  long  period  of  time, 
slow  oxidation  may  destroy  the  effectiveness  of  on  organic 
component.  However,  limitations  may  be  placed  upon  the  choice 
of  an  inorganic  stabilizer  because  of  the  quantity  of  undesir¬ 
able  residues  which  may  remain  after  a  large  quantity  of  hy¬ 
drogen  peroxide  has  been  decomposed.  It  is  also  apparent 
that  a  large  proportion  of  stabilizer  is  unsatisfactory. 

An  extensivf  number  of  stabilizers,  both  inorganic  and  organic 

*  '  •  .  . ;  ’  •  ■  •  v-  •  ■ 

have  been  tested  (i.e.,  R*f,;  4.1,  4.5,  4.8,  and  4.9)  with  both 
dilute  and  concentrated  hydrogen  peroxide  solutions.  Among 
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these  substances,  the  most  notable  success  was  obtained, 
especially  in  the  case  of  the  highly  concentrated  hydrogen 
peroxide  solutions  (ttef.  4.5), with  sodium  stannate  or  8- 
hydroxyquinoline  ("oxine")  in  the  presence  of  a  soluble  pyro¬ 
phosphate,  or  p  phosphate-pyrophosphate  mixture.  A  detailed 
discussion  of  hydrogen  peroxide  stabilizers  is  presented  in 
Ref.  4.19  and  4.20. 

Recently,  the  effect  of  the  contaminants  most  commonly  en¬ 
countered  in  propellant-grade  hydrogen  peroxide  on  the  stability 
of  hydrogen  peroxide  was  characterized  (Ref.  4.2l).  Separate 
90  w/o  hydrogen  peroxide  solutions  were  contaminnted  with  var¬ 
ious  concentrations  of  selected  ions  (Cr+^,  Fe^,  Cu+^,  Ni+4", 

P0^“3,  SO^”2 ,  NO^-*,  Cl~*)  to  determine  their  influence  upon 
the  stability  of  the  hydrogen  peroxide.  Copper  was  found  to 
exhibit  the  greatest  effect  (toward  decreasing  the  stability) 
followed  by  iron,  nickel,  and  chromium  (Table  4.2).  The  aniouB 
exhibited  no  detectable  influence  iu  the  concentration  ranges  studied 
when  stability  was  measured  by  standard  weight  loss  technique. 

4. 1.3.5. 1  Stabilization  Effects.  The  total  effectiveness  of  hydro¬ 

gen  peroxide  stabilization  depends  largely  on  the  type  and 
quantity  of  stabilizer  used,  the  initial  HgOg  concep^ra^^on 
and  purity,  and  the  container  material  type  and  surface  prc- 
treatmeut.  Recent  studies  by  Shell  (Ref. .4.5)  on  storage  in 
5-gallon  drums  has  demonstrated  that  commercially  available 
90  w/o  hydrogen  peroxide  can  he  stabilized  and  stored  in  prop¬ 
erly  prepared  vessels  with  a  decomposition  rate  as  low  as  0.04 
percent/year  at  ambient  temperatures.  The  evolved  gas  at  such 
rates  can  be  contained  in  the  vessel  with  relatively  low  ullage 
and  at  reasonable  pressures  for  several  years.  The  decomposi¬ 
tion  rote  depends  to  an  appreciable  extent  upon  the  container 
material  and  the  surface  finish,  fyrex  effects  the  lowest 
decomposition  rate.  However,  with  the  proper  passivation  and 
.  surface  treatment,  containers  of  ACLAR,  Kel-F,  1260  aluminum 
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and  electrolytic  tin  having  low  S/V  demonstrated  decomposition 
rates  as  low  as  0.1  percent/year.  The  rai-sj  predicted  for 
these  materials  as  a  function  of  S/V  are  shown  in  Fig.  4.3a. 

Other  exanfiles  of  the  end  results  of  stabilization  are  illus¬ 
trated  in  Fig.  4.1,  4.8,  and  4.9.  Figure  4.1  (Ref.  4.2)  com¬ 
pares  oxygen  loss  over  a  24-hour  period  between  commercially 
stabilized  and  unstabilized  hydrogen  peroxide  as  a  function 
of  concentration  at  212  F.  Figure  4.8  (Ref.  4.7)  illustrates 
the  reduction  in  AOL  by  conmercial  stabilization  of  98  w/o 
hydrogen  peroxide  as  a  function  of  temperature.  The  effect  of 
stabilizer  quantity  is  illustrated  in  Fig.  4.9  (Ref.  4.8);  the 
stabilizer  used  in  this  illustration  was  sodium  stannote,  which 
was  added  in  varying  amounts  to  hydrogen  peroxide  obtained 
from  three  different  manufacturers. 


4. 1.3. 5. 2  Stabilization  Requirements.  The  requirement  for  hydrogen 

peroxide  stabilization  is  based  on  the  end  use  to  which  the 
hydrogen  peroxide  will  be  applied.  Generally,  stabilizers  are 
added  to  extend  the  storage  life  of  the  propellant,  and  as  such, 
would  appear  to  be  desirable  for  all  situations.  However , 
when  the  end  use  of  the  propellant  depends  on  its  decomposition 
in  a  fixed  catalyst  bed  chautoer,  the  use  of  stabilization  is 
severely  limited  by  the  poisoning  effect  of  the  stabilizer  on 
the  catalyst  (Section  7).  This  is  reflected  in  the  two  prim¬ 
ary  propellant  specifications  presently  in  use.  The  torpedo- 
grade  propellant  specification,  MIL-H-22868,  which  requires 
long-term  sealed  storage  propellant  not  subject  to  decomposi¬ 
tion  in  a  fixed-bed  catalyst,  specifies  a  large  amount 'of 
stabilizers.  MIL-P-16005D,  which  is  ttu*  procurement  specifica¬ 
tion  for  propulsion-grade  hydrogen  peroiide,  limits  the  total 
stabilizer  content  to  a  few  mg/liter  be*  ause  of  the  usual 
application  of  this  hydrogen  peroxide  gi ide  in  fixed  catalyst 
beds.  Hydrogen  peroxide  used  in  the  che; ical  pretreatment 
sod  passivation  of  hydrogen  peroxide  systems  is  sometimes 
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(fief.  4.2)  heavily  stabilized  to  provide  enough  ions  to  com¬ 
plex  all  of  the  potential  catalytic  sites.  Therefore,  the 
quantity  and  type  of  hydrogeu  peroxide  stabilization  is  dictated 
by  the  end  use  of  the  material. 

Stabilization  is  usually  effected  by  the  hydrogen  peroxide  manu¬ 
facturer  bb  a  condition  of  the  procurement.  The  individual  re¬ 
quirements  should  be  discussed  with  the  manufacturer  and  his 
assistance  sought  in  determining  the  need  for  and  type  and 
amount  of  stabilization  required.  All  hydrogen  peroxide  manu¬ 
facturers  indicate  that  conventional  stabilization  should  be 
accomplished  at  the  manufacturing  site. 


4. 1.3.5- 3  Eknergency  Stabilization.  Stabilization  of  hydrogen  per¬ 

oxide  at  storage  sites  has  been  utilized  under  "emergency  con¬ 
ditions."  The  conditions,  which  necessitate  this  corrective 
action,  are  usually  associated  with  self-heating  of  hydrogen 
peroxide  storage  systems  due  to  excessive  decomposition  caused 
by  unanticipated  contamination  of  the  system.  One  source 
(Ref.  4.22)  has  recommended  such  corrective  action  when  the 
temperature  of.  the  hydrogen  peroxide  (without  external  heating) 
rises  to  a  level  20  If’  greater  than  that  of  the  surroundings. 

The  rate  of  temperature  rise  also  determines  the  urgency  of 
the  corrective  measures.  _  Another  source  (Ref.  4.3)  considers 
it  desirable  to  maintain  time-temperature  records  of  all 
storage  units  and  reconmends  taking  corrective  action  when  the 
bulk  temperature  achieves  a  2  to  3  F  increase  in  temperature 
over  the  maximum  ambient  temperature.  Corrective  action  is 
also  recomofended  if  the  rate  of  temperature  increase  is  greater 
than  0.5  F/hour.  The  more  conservative  methods  limitations 
of  Rei.  4.3  should  result  in  fewer  "incidents"  and  provide 
additional  time  to  consider  appropriate  action. 


In  estimating  the  necessity'  of  corrective  action  based  on  AOL, 
Ref.  4.23  states  that  for  a  30-gallon  drum,  a  rate  of  more 
than  2  percent  AOL/year  (or  0.0054  percent  AOL/day)  is  abnormal; 
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for  a  500-gallon  tank,  a  rote  greater  than  1  percent  AOL/year 
or  0.0027  percent  AOL/day  ie  excessive  and  for  flow  systems  a 
decomposition  rate  of  0.05  percent  AOL/hour  ie  the  maximum  per¬ 
missible  rate  concurrent  with  a  temperature  rise  of  approximately 
5  F  above  ambient  conditions. 

In  the  early  stages  of  storage  system  self-heating,  temperature 
rises  may  be  counteracted  by  the  use  of  voter  spray  on  the 
storage  container.  If  adequate  pure  water  is  available,  if 
container  free  space  is  available,  and  if  moderate  dilution 
is  not  critical  to  the  end  use,  the  most  rapid  cooling  may  be 
achieved  by  the  addition  of  water  directly  to  the  hydrogen 
peroxide  in  the  storage  container.  ThiB  cooling  period  allows 
greater  flexibility  and  additional  time  for  analysis,  procure¬ 
ment,  or  preparation  of  stabilizer,  but  does  not  eliminate  the 
need  for  further  action. 

When  attempting  to  control  a  self-heating  tank,  a  careful  record 
of  the  temperature  vs  time  should  be  muiutained  to  help  evaluate 
the  effectiveness  of  the  control  technique.  In  projecting  a 
time-temperature  curve  from  previous  experience,  severul  assump¬ 
tions  must  be  cade .  Host  of  the  approximations  will  overesti¬ 
mate  the  hazard  and  underestimate  the  time  before  eruption 
from  the  storage  container.  There  are  two  major  factors  which 
may  result  in  decomposition  rate  accelerations  with  time:  (l) 
excessive  temperature  rise  may  result  from  the  deconyosition 
of  the  stabilizer,  and  (2)  decomposition  at  the  container  walls 
may  result  in  the  formation  of  a  gas  blanket  which  prevents 
adequate  heat  transfer  through  the  container  wall  causing  addi¬ 
tional  temperature  increase  of  the  solution  and  increased  de- 
coaposition.  In  the  latter  case,  a  temperature-indicating 
device  on  the  outside  wall  of  the  tank  will  not  indicate  the 
temperature  increase  in  the  liquid  but  will  indicate  a  lower 
temperature.  Because  heat  transfer  under  these  conditions 
may  be  somewhat  erratic,  this  temperature  is  a  poor  indication 
of  true  liquid  conditions. 
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The  hydrogen  peroxide  bulk  temperature  will  lag  changes  in  air 
temperature  depending  ou  the  contoiner  size.  A  large  tank  which 
has  been  warmed  during  the  day  will  require  some  time  to  cool 
because  oi  the  volume  of  solution.  For  a  tank  to  be  vanacr  than 
air  temperature  at  night  is  normal  and  no  cause  for  alarm.  For 
the  tank  temperature  to  be  gradually  increasing  toward  an  in¬ 
creased  air  temperature  is  normal.  For  the  tonperaturc  of  a 
tank  not  exposed  to  direct  rays  of  the  sun  to  be  increasing 
in  temperature  when  the  air  temperature  is  decreasing  is  ab¬ 
normal.  For  the  tank  temperature  to  be  consistently  higher 
than  ambient  air  temperature  is  not  normal. 

In  making  a  decision  to  stabilize  a  "hot  system'/  the  advice 
of  the  hydrogen  peroxide  manufacturer  should  be  sought  if  at 
all  possible.  If  the  conditions  are  so  critical  that  this  con¬ 
tact  cannot  be  accomplished,  the  guide  of  Paragraph  1.6.6  in 
"The  Handling  and  Storage  of  Liquid  Propellants  -  Hydrogen 
Peroxide"  (lief.  4.24)  can  be  used: 


1.6.6  Emergency  Stabilization:  The  decomposition  of  hy¬ 
drogen  peroxide  at  an  accelerating  rate,  as  evidenced  by 
increasing  gas  evolution  and  temperature  may  be  brought 
under  control  by  the  following  emergency  stabilization 
procedure:  add  1  pound  of  85  percent  phosphoric  acid  solu¬ 
tion  (in  water)  for  each  100  gnllons  of  hydrogen  peroxide 
solution.  Mixing  is  not  necessary  because  the  turbulence 
will  disperse  the  stabilizer.  After  being  thus  stabilized 
and  if  the  decomposition  subsides,  hydrogen  peroxide  may 
be  stored  in  aluminum  containers  until  consumed  or  other¬ 
wise  disposed  of.  This  solution  must  not  be  used  in  appli¬ 
cations  involving  catalytic  decoc^iosition  chambers,  because 
the  stabilizer  will  poison  the  catalyst. 

4. 1.3. 5-4  Effective  Life  of  Stabilizers.  Storage  in  metal  containers 

slowly  destroys  the  stabilizing  effect  of  stannate  by  precipa- 
tation  out  of  the  solution.  This  normally  takes  approximately 
4  months  fer  aluminum  containers;  in  Pyrex  containers  the 
stabilizer  is  approximately  45  percent  depleted  in  4  months; 
however,  in  polyethylene,  no  loss  of  stabilizer  was  detectable 
(Ref.  4.20).  The  analysis  of  hydrogen  peroxide  solutions  for 
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tin  vill  also  reveal  varying  concentrations  depending  upon 
the  age  of  the  solution  when  tested.  Comparison  of  analytical 
reports  from  separate  laboratories  on  the  same  solution  must 
allow  for  this  variation. 

Hydrogen  peroxide  used  by  the  Germans  during  World  War  11  vns 
usually  85  percent  by  weight  1L0  and  was  stabilised  with  8- 

«.  4. 

Iiydroxy quinoline  in  the  form  of  the  pyrophosphate  or  mixed 
with  sodium  pyrophosphate.  This  stabilizer  slowly  oxidized 
and  in  approximately  6  months  had  effectively  disappeared. 
This  orgauic  stabilizer  is  normally  considered  superior  to 
stannate  in  protection  against  iron. 


MATERIALS  OF  CONSTRUCTION 

Initial  selection  of  materials  for  application  in  hydrogen 
peroxide  storage  and  haudling  systems  is  based  on  a  series  of 
muterials  compatibility  tests.  These  tests  may  range  from  an 
evaluation  of  a  material  sample  under  n  set  of  general  test 
conditions  to  the  definition  of  the  specific  limitations  of 
various  pieces  of  hardware  fabricated  from  a  number  of  differ¬ 
ent  materials.  Although  the  compatibility  of  materials  with 
a  propellant  is  usually  based  primarily  on  the  ability  of  the 
material  to  withstand  chemical  attack  by  the  propellant  (as 
expressed  by  corrosion  rate),  the  euphasis  in  the  evaluation 
of  materials  compatibility  with  hydrogen  peroxide  is  placed 
on  the  effect  of  the  material  on  hydrogen  peroxide  stability 
(as  expressed  by  decomposition  rate).  Because  hydrogen  per¬ 
oxide  dcconposition  is  a  function  of  several  variables,  includ¬ 
ing  material  type,  surface  area,  contamination,  temperature, 
etc.,  it  is  essential  that  the  selection  of  a  material  repre¬ 
sent  an  evaluation  of  all  of  these  potential  effects. 

The  available  technology  ou  materials  compatibility  testing 
with  hydrogen  peroxide  is  sumaarized  in  this  section.  A 
description  of  the  compatibility  studies  that  have  been  conducted 
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and  the  criteria  established  by  these  results  arc  used  to  pro¬ 
vide  a  basis  for  the  selection  of  materials  of  construction 
for  hydrogen  peroxide  service.  The  final  evaluation  of  a  mate¬ 
rial  and  its  suitability  for  an  application  involving  contact 
vith  llo0o  is  based  on  experience  resulting  from  that  applica¬ 
tion.  In  general,  the  reconmendations  of  materials  classifi¬ 
cation  for  service  contained  herein  ere  based  on  both  the 

results  of  laboratory  tests  and  on  practical  experience.  In 
a  few  instances,  practical  experience  has  revealed  results 
different  from  those  of  laboratory  tests.  Whenever  this  is 
the  case,  the  greater  consideration  has  been  given  to  practical 
experience  and  conclusions  are  drawn  accordingly.  Criteria 
established  for  laboratory  tests  are  based  as  l'ar  as  possible 
on  correlations  with  experience  resulting  from  paacing  the 
materials  in  service. 


NOTE:  The  user  of  this  handbook  should  be 
cautioned  that  the  materials  compatibility 
data  presented  herein  should  only  serve  as 
a  b:«sis  for  selection  of  materials  for  hy¬ 
drogen  peroxide  service.  Careful  consider¬ 
ation  should  be  given  to  the  conditions  of 
testing;  the  use  of  the  material  under  a 
different  set  of  conditions  may  have  an 
entirely  different  effect.  Materials  which 
are  not  suitable  for  use  at  high  tempera¬ 
tures  may  be  acceptable  for  uses  at  lower 
temperatures.  Different  fabrication  proce¬ 
dures  and  passivation  techniques  may  result 
in  variation  in  compatibility  ciasnif icat- 
tion.  Even  different  lots  of  the  same  parts 
fabricated  from  "compatible"  materials  by 
the  same  manufacturer  using  the  same  manu¬ 
facturing  techniques  have  revealed  variations 
in  compatibility.  Thus,  it  must  be  eapbasized 
that  any  material  used  in  hydrogen  peroxide 
service  be  thoroughly  tested  and  qualified 
under  the  conditions  of  its  intended  use 
before  it  is  placed  in  service. 


4.2.1  Compatibility  Studies 


Compatibility  studies  that  have  been  conducted  vith  hydrogen 
peroxide  are  described  in  terms  of  standard  teat  procedures, 
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standard  compatibility  classification  definitions,  and  standard 
rating  criteria.  Although  the  illustrated  procedures  and 
classifications  do  not  necessarily  reflect  the  most  desirable 
methods  for  all  purposes,  they  do  represent  the  most  typical 
(as  noted  in  Ref.  4.25)  of  the  general  tests,  classifications, 
and  rating  criteria  presently  employed. 


4.2. 1.1  Compatibility  Test  Procedure.  The  compatibility  test  procedure 
normally  consists  of  three  basic  tests.  An  initial  screening 
test  is  performed  to  eliminate  all  materials  that  cause  gross 
decomposition  of  the  hydrogen  peroxide.  The  compatibility  of 
the  preselected  materials  with  hydrogen  peroxide  is  then  de¬ 
termined  by  measuring  a  rate  of  Ho0o  decomposition  (as  percent 
AOL)  during  an  immersion  of  the  materials  in  hydrogen  peroxide 
(of  a  selected  composition)  for  a  stated  temperature  and  time 
interval.  The  final  evaluation  in  the  compatibility  test 
procedure  is  the  determination  of  the  stability  of  the  hydro¬ 
gen  peroxide  after  contact  with  the  material. 


4.2. 1.1.1  Screening.  Prior  to  quantitative  testing,  a  new  or  un¬ 

tried  material  should  be  immersed  (after  chemical  pi’etreatment) 
in  75  milliliters  of  hydrogen  peroxide  in  a  passivated  container 
at  room  temperature  for  24  hours.  Special  attention  should  be 
directed  to  possible  violent  decomposition,  combustion,  solu¬ 
tion,  dimensional  distortion,  etc.  If  no  unusual  action  occurs, 
the  sample  should  be  subjected  to  a  further  screening  at  150  F 
for  24  hours.  If  no  gross  reaction  occurs  under  these  pre¬ 
liminary  conditions,  the  material  ia  further  tested  using  the 
following  technique. 


4.2. 1.1.2  Sample  Size.  In  determinations  of  the  compatibility  of 

solid  materials,  a  sample  strip,  3  by  l/2  by  l/lb  inches,  is 
normally  used  for  evaluation  of  both  the  liquid  and  vapor 
phases.  For  those  materials  that  will  be  used  in  a  continuously 
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vetted  condition,  a  sample  strip,  l-l/2  by  l/2  by  l/l6  inches, 
is  usually  immersed  in  75  milliliters  of  the  hydrogen  peroxide 
solution.  This  test  condition  simulates  an  apparent  sample  sur¬ 
face  area  of  1  sq  in.  per  42.8  milliliters  of  hydrogen  peroxide 

2  it 

(which  approximates  the  0.33  in.  /in.  S/V  of  the  vetted  surface 
of  a  standard  drum  containing  250  pounds  of  II^O^).  If  it  is 
necessary  to  test  a  differently  sized  sample,  retention  of  this 
apparent  S/V  vill  aid  in  comparison  of  the  results  vith  those 
of  previous  studies.  In  evaluating  materials  for  specific 
applications,  the  S/V  of  the  application  should  be  duplicated 
if  possible.  In  testing  the  compatibility  of  liquids  vith 
5-milliliter  sample  size  is  normally  used;  evaluations  of  greases 
are  usually  conducted  vith  samples  of  5-mxlliliter  size  which 
have  been  smeared  on  the  inside  of  the  test  flask.  It  is  im¬ 
portant  to  record  and  report  surface  area  of  the  test  sample 
and  the  liquid  volume  of  the  H„0o  used.  Vapor  space  or  ullage 
should  be  minimized  or  held  constant  in  comparison  of  different 
materials . 


4. 2. 1.1. 3  Cleaning  and  Passivation  of  the  Test  Container  and 

Specimens .  Prior  to  use,  all  glassware  (the  test  container) 
should  be  immersed  in  a  10-percent  sodium  hydroxide  solution 
for  1  hour  at  room  temperature,  rinsed  with  water,  immersed  in 
a  10-percent  HNO^  solution  (3-hour  minimum),  and  finally  rinsed 
with  distilled  water.  The  use  of  chromic  acid  cleaning  solutions 
should  be  avoided,  and  passivation  with  hot  concentrated 
(70t  percent)  hydrogen  peroxide  is  recommended. 

Aluminum  samples  should  be  scrubbed  with  a  warm  detergent  solu¬ 
tion,  immersed  in  0.2b  w/o  (N/15)  sodium  hydroxide  at  room  tem¬ 
perature  for  15  to  20  minutes,  washed,  immersed  in  45-percent 
nitric  acid  for  45  minutes  to  1  hour  at  room  temperature,  and 
finally  washed  vith  distilled  water.  The  samples  should  then 
be  pretreated  vith  35  w/o  HgOg  to  72  F  for  8  to  24  hours. 
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Stainless-steel  samples  should  be  degreased  by  scrubbing  with 
trichloroethylene,  rinsed  with  water,  allowed  to  drip  dry, 
and  immersed  in  70-percent  nitric  acid  for  4  to  5  hours  at 
room  temperature.  Then,  the  samples  should  be  washed  with 
clean  water,  washed  with  distilled  water,  and  finally  pre¬ 
treated  with  35  v/o  HgOg.  In  instances  where  the  stainless- 
steel  specimens  do  not  respond  well  to  the  preceding  passiva¬ 
tion  technique  (as  noted  by  decomposition  activity  in  the 
35  w/o  HgOg)*  stainless-steel  specimens  may  be  passivated 
by  the  following  alternate  procedure  which  hos  been  utilized 
successfully  in  the  past: 

1.  Degrease  by  scrubbing  with  trichloroethylene  and 
allow  to  drip  dry. 

2.  Immerse  the  specimen  in  2-percent  NagCrgO.,  solution, 
wash  twice  with  HgO,  and  immerse  in  a  20-percent  HNO^ 
solution  for  l/2  hour  at  120  to  130  F.  (This  pro¬ 
cedure  has  been  questioned  because  contamination 
with  chromate  ions  is  possible.) 

3.  Flush  with  potable  water. 

4.  Flush  with  distilled  water  and  pretreat  with  35  w/o 

■yy 

In  the  case  of  rusted  stainless-steel  surfaces  and  stainleis- 
steel  welds,  an  acid  pickling  is  required  before  satisfactiry 
passivation  can  be  achieved.  The  procedure  for  this  treatment 
is  as  follows: 

1.  Immerse  in  a  3-percent  hydrofluoric  acid- 10-percent 
nitric  acid  solution  for  30  minutes  at  100  F,  or  2 
to  3  hours  at  63  to  70  F. 

2.  Flush  with  potable  water  and  scrub  with  a  stiff 
brush  to  remove  welding  scale  and  rust. 
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3.  Passivate  by  immersion  in  70-percent  nitric  acid 
for  4  to  5  hours  at  room  temperature,  rinse  with 
clean  potable  rater,  and  finally  rinse  with  dis¬ 
tilled  water.  Expose  the  specimen  to  35  w/o  IlgOg 
at  68  to  72  F  for  8  to  24  hours. 

Plastics  and  elastomer  samples  should  be  thoroughly  scrubbed 
in  an  0. 5-perccnt  solution  of  a  synthetic  detergent,  rinsed 
with  distilled  water,  and  immersed  in  a  10-percent  IlNO^-water 
eolation  at  68  to  72  F  for  1  hour.  The  samples  should  then 
be  pretreated  with  35  w/o  IlgO^ . 

During  the  final  rinsing  of  all  passivated  specimens,  the 
samples  should  not  be  touched  with  bare  fingers;  at  this 
point  only  gloves  or  tongs  should  be  used  in  sample  handling. 
It  is  usually  convenient  to  wash  sample  strips  on  a  Pyrex 
funnel  (as  a  handling  medium),  taking  care  to  wash  all  areas. 
The  strip  should  be  dried  between  two  sheets  of  filter  paper 
at  room  temperature  or  in  a  122  F  oven  and  then  placed  in  a 
test  flask  which  is  immediately  capped  with  aluminum  foil  to 
eliminate  possible  contamination  by  dust,  dirt,  etc. 


4. 2. 1.1. 4  AOL  Determination  by  Weight  Loss.  The  specimen,  pre¬ 

pared  as  described  in  the  preceding  paragraph,  is  placed  in 
a  passivated  100-milliliter  Kjeldahl  flask  that  has  been 
rinsed  with  a  small  volume  of  hydrogen  peroxide  of  the  re¬ 
quired  strength.  The  flask  is  weighed  to  0.01  gram  and  the 
dosired  quantity  (usually  75  milliliters)  of  hydrogen  peroxide 
of  the  desired  strength  is  added  to  the  flank,  The  flask 
is  reweighed  and  the  initial  weight  of  hydrogen  peroxide 
solution  is  recorded  as  the  difference  between  these  weights. 
At  conclusion  of  the  desired  test,  the  flask  and  its  contents 
are  removed  from  the  constant-temperature  bath,  cooled  to 
room  temperature  and  weighed.  As  a  minimum  requirement,  these 
tests  should  be  conducted  in  duplicate. 
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The  percent  of  active  oxygen  lost  is  calculated  oa  follows: 


Percent  Active  Oxygen  Loss 


W1  "  W2 

•ZT. - fTTnn  *  100 

CWj  x  0.470 


wtere 

Wj  *  initial  net  weight  of  hydrogen  peroxide 

W2  »  final  net  weight  of  hydrogen  peroxide 

Cj  =  initial  weight  fraction  of  hydrogen  peroxide, 

A  (percent  concentration) 

100 

The  results  of  some  compatibility  tests  (Ref.  4.10  through 
4.16  and  4.18)  have  been  based  on  HgOg  concentration  deter¬ 
minations  before  and  after  the  tests.  During  these  tests  the 
active  oxygen  loss  is  determined  by  the  expression 


(W.C  -  W  C  ) 

Percent  AOL  ■*  - - {J'n -  x  100 

W1  1 


where 

Wj,  apu  0^  are  as  defined  previously  and  C2  is  the 
final  concentration  of  hydrogen  peroxide. 


NOTE:  The  term  0.47  in  the  first  equation 
represents  the  weight  fraction  of  available 
oxygen  in  100  w/o  HgO^. 

Qualitative  observations  are  also  recorded  on  SMch  effects 
as  discoloration  of  the  hydrogen  peroxide  and  apparent  changes 
in  the  physical  properties  of  the  test  material.  The  latter 
includes:  (l)  for  metals — corrosion,  staining,  and  any  surface 

change  during  or  after  testing;  (2)  for  plastics  and  elastomers- 
blistering,  swelling,  distortion,  changes  in  flexibility, 
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color,  transparency,  tensile  strength,  and  tear  resistance; 
and  (3)  for  fabrics — changes  In  color,  tensile  strength, 
burning,  and  tear  resistance. 


4. 2. 1.1. 5  AOL  Determination  by  Gas  Evolution.  During  compatibility 
tests  where  the  AOL  is  small,  probably  the  most  accurate  method 
of  measurement  is  by  gas  evolution.  This  technique,  which  is 
described  in  detail  in  Ref.  4.26,  involves  the  collection  of 
bhe  gas  evolved  during  the  test  period  in  a  small  gas  measuring 
buret.  The  long  neck  on  the  special  test  flask  acts  as  on  air¬ 
cooled  condenser  to  reduce  loss  of  the  hydrogen  peroxide  vapor. 
The  neck  is  connected  by  means  of  small  bore  tubing  to  nozzles 
submerged  uncer  a  few  centimeters  of  water  in  a  trough.  Burets 
are  inverted  ever  the  nozzles  to  collect  the  gas.  A  multiple 
arrangement  of  differently  sized  burets  with  appropriate  valv¬ 
ing  is  used  to  permit  selection  of  the  proper  size  and  additional 
volume  without  loss  of  any  gas.  The  volume  of  gas  collected  is 
converted  to  weight  of  oxygen  evolved  by  use  of  the  relationships 
expressed  in  the  perfect  gas  laws.  The  percent  AOL  is  then  com¬ 
puted  from  the  following  expression; 

Percent  AOL  «  100  x  weight  of  oxygen  evolved/0.47  x  x 

where  Cj  and  V.'j  refer  to  the  original  concentration  of  hydrogen 
peroxide  in  the  test  sample  expressed  as  weight  fraction  and 
Wj  is  the  original  weight  of  the  test  sample. 

4. 2. 1.1. 6  Stability  Determination.  The  recommended  procedure  for 
stability  determinations  on  the  resultant  hydrogen  peroxide 
is  the  same  as  presented  in  the  MIL-P-16005D  procurement 
specification  (Ref.  4.27).  The  stability  of  the  IlgOr,,  which 
is  obtained  from  the  compatibility  teat  flasks,  is  measured 
by  determining  the  active  oxygen  loss  (by  either  weight  loss 
or  gas  evolution  techniques)  over  a  24-hour  period  at  212  P. 
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In  MIL-P-16005D  the  Btabiiity  is  expressed  in  percent  AOL, 
although  most  procedures  essentially  express  stability  as 
(lOO-AOL)  percent. 


4. 2. 1.1.7  Special  Compatibility  TeBt  Methods.  A  suggested  procedure 

(Hef.  4.25)  for  determining  the  compatibility  of  protective 
clothing  is  performed  on  4  by  4  inch  clean  tost  samples  of 
"as  received"  material .  The  IlgO^  is  permitted  to  drop  on  the 
cloth  sample  at  a  rate  of  4  milliliters  per  minute  for  ~  1  hour 
Results  are  evaluated  by  visual  observation  of  any  changes  in 
the  material  during  this  period.  To  simulate " soiled  cloth," 
a  swatch  of  the  material  is  soalced  in  a  0.005  N  KMnO^  solution 
for  30  seconds  and  dried  at  230  P  for  1  hour.  The  test  is 
then  perfoiraed  with  the  procedure  used  with  the  "as  received" 
material . 


Sealing  compounds  are  tested  (Ref.  4.23)  initially  for  impact 
sensitivity  while  iixnersed  in  I^O^.  Qualified  (nonimpact 
sensitive)  materials  are  then  applied  to  the  male  threads  of 
a  plug  and  a  nipple,  which  are  assembled  into  a  coupling  and 
tightened  with  a  torque  wrench  (using  a  1200  in.  lb  torque  on 
stainless-steel  assemblies  and  a  600  in.  lb  torque  on  aluminum 
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to  set  the  scaling  compound,  the  assemblies  are  tested  for 
leakage  by  charging  them  with  nitrogen  and  immersing  them 
in  water.  Amaximum  of  1200-pBig  nitrogen  pressure  is  applied 
to  a  stainless-steel  assembly  and  500-psig  pressure  is  applied 
to  an  aluminum  assembly.  The  pressure  at  which  leakage,  if  any 
occurs  is  noted.  The  torque  required  for  disassembly  should 
he  noted.  The  sealing  compound  may  also  be  tested  by  coating 
1— l/2  by  l/2  by  l/l6  inch,  clean,  passivated  metal  strips 
of  1060  aluminum  and  316  stainless  steel  on  one  side.  After 
drying  at  room  temperature  for  24  hours,  the  strips  are  sub¬ 
jected  to  the  normal  strip  compatibility  test  described  in 
8ection  4. 2. 1.1 
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Protective  coating  materials  are  usually  evaluated  in  accordance 
with  standard  compatibility  procedures.  The  coating  is  applied 
according  to  the  manufacturers'  specifications  to  standard 
test  strips  and  is  tested  as  generally  described  in  Section 
4. 2. 1.1.  (it  is  important  to  differentiate  between  compot- 
itiblity  of  the  coating  material  and  the  effectiveness  or 
covering  ability  of  the  coating  on  the  base  metal )  The  percent 
AOL  is  determined,  and  visual  observations  of  any  physical 
changes  in  the  coating  arc  noted.  Other  variations  of  this 
coating  test  involve  filling  a  coated  steel  cup  with 
inverting  a  second  coated  cup  on  top  of  the  cup  containing 
the  liquid,  and  maintaining  two  such  sets  at  86  and  150  F 
for  1  year  and  1  week,  respectively.  A  final  laboratory  test 
involves  the  half-filling  of  a  coated  5-gallon  container  with 
I^O^  and  allowing  the  test  container  to  stand  at  room  tempera¬ 
ture  in  the  laboratory  or  in  a  controlled  temperature  room. 
Containers  with  a  12-inch  ID  and  12  inches  high  with  a  2-inch 
vented  ojicning  in  the  top  ore  recommended  for  a  12-month  test 
duration.  Hydrogen  peroxide  concentration  is  determined 
initially  and  bimonthly  thereafter  for  both  the  cup  tests  and 
the  container  test.  Prior  inspection  of  the  coating  for 
blisters  or  pinholes  should  be  made  before  the  tests  are 
initiated . 

A  method  for  determining  the  compatibility  of  bladder  materials 
has  been  suggested  in  Ref.  4.28.  In  this  procedure,  the  bladder 
is  immersed  in  concentrated  IINO^  for  10  days  at  the  maximum 
potential  application  temperature  (110  F,  Ref.  4.28).  At  the 
conclusion  of  the  immersion  test,  the  bladder  is  removed  and 
the  IINO^  is  evaporated  to  dryness.  The  "residue"  is  treated 
with  the  test  F>  acceptance  of  the  bladder  material 

depends  on  the  resultant  nonreaction  between  the  "residues" 
and  the  test  ^^2^2 * 
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4. 2, 1.2  Hydrogen  Peroxide  Materials  Compatibility  Clasaif icotiona . 

The  results  of  the  various  laboratory  materials  compatibility 
evaluations  and  of  application  experience  have  shown  that 
materials  can  be  classified  into  various  categories  based 
on  their  contemplated  types  of  use  in  hydrogen  peroxide  service. 

All  materials  need  not  be  suitable  for  indefinite  storage 
because  in  applications  requiring  only  short-time  contact  with 
materials  of  a  lesser  degree  of  compatibility  can  be  em¬ 
ployed.  To  facilitate  selection  on  this  basis,  materials  have 
been  generally  classified  according  to  the  types  of  applications 
for  which  they  are  suited, 

A  system  of  four  classes  has  generally  been  adopted  (Ref.  4.25> 
4.29>and  4.30)  for  materials  for  hydrogen  peroxide  service. 

These  classes  arc  arbitrary  buv  they  do  provide  a  standard 
for  rating  materials  compatibility  with  H„0  .  These  classes 
are: 

Class  1 :  Materials  Satisfactory  for  Unrestricted  Use  with  Ho0o. 

Such  service  includes  long-time  contact  with  the 
Typical  use  is  for  stornge  containers. 

Class  2:  Materials  Satisfactory  for  Repeated  Short-Time  Contact 
with  IIo0  .  Such  materials  ore  used  for  transient  con- 

fa  «- 

tact  with  the  Pri°r  to  storage  of  the  HgO^,  or 

limited  contact  with  the  HgOg  prior  to  use.  Such 
contact  is  not  to  exceed  4  hours  at  72  C  (l60  F) 
or  1  week  at  22  C  (70  F).  T>pical  uses  are  for 
valves  and  pumps  in  RgO,,  transfer  lines  and  feed 
tanks . 

Class  3:  Materials  Which  Should  be  Used  Only  for  Short-Time  Contact 
with  These  materials  should  be  used  only  where 

neither  a  Class  1  nor  Class  2  material  would  suffice. 

These  materials  can  be  used  for  repeated  contact,  but 
a  single  use  period  should  not  exceed  1  minute  at 
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160  F  or  1  hour  at  70  F.  An  example  of  a  Class  3 
application  in  materials  for  use  in  a  flow  system. 

The  hydrogen  peroxide  should  be  consumed  in  the 
application  or  disposed  of  after  the  test  because 
contamination  of  hydrogen  peroxide  solutions  with 
Class  3  material  is  usually  sufficient  to  render  it 
unsuitable  for  storage.  Many  Class  3  materials  in¬ 
dicate  satisfactory  room  temperature  service;  how¬ 
ever,  the  material  should  be  checked  prior  to  use. 

Class  4:  Materials  not  Recommended  for  Use  with  Tliese 

'  ■  ■ _ 

materials  (l)  cause  excessive  decomposition  of  IIo0Q 

«■  A- 

even  on  short-time  contact,  (2)  are  attacked  or  de¬ 
teriorate  on  contact,  (3)  yield  corrosion  or  deteri- 
oriation  products  which  cause  excessive  decomposition 
of  IIo0o  on  subsequent  contact,  or  (4)  form  impact- 
sensitive  mixtures  with  concentrated  IIo0o. 

Other  Classifications:  Clothing  materials  are  classified  as 
"suitable"  or  "unsuitable".  Within  the  classifica¬ 
tion  of  "suitable,"  choices  are  made  on  the  basis 
of  resistance  of  the  material  to  deterioration  in 
contact  with  the  llgOg. 


4. 2. 1.3  Test  Evaluation  Criteria.  An  explanation  of  typical  (lief.  4.25) 
criteria  used  to  evaluate  the  materials  compatibility  tests 
described  in  Section  4. 2. 1.1  (as  well  as  results  from  appli¬ 
cation  experience),  and  to  rate  the  results  in  the  appropriate 
classifications  per  Section  4. 2. 1.2  is  illustrated  in  Table  4.3. 
Because  the  illustrated  classification  system  is  general  for 
all  types  of  materials  of  construction  that  may  be  used  in 
hydrogen  peroxide  storage  and  handling  systems,  and  the  class¬ 
ification  limits  were  selected  arbitrarily,  more  precise 
limits  should  be  established  for  specific  applications.  The 
application  of  the  criteria  of  Table  4.3  to  results  from 
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compatibility  teats  are  usually  subjected  to  the  following 
modifying  considerations  (Ref.  4.25): 

1.  If  there  is  any  doubt  as  to  whether  a  material  should 

be  in  a  given  category,  e.g.,  Class  1  or  2,  the  material 
is  placod  in  the  lower  category,  e.g.,  No.  2. 

2.  If  the  results  of  practical  experience  are  at  variance 
with  the  results  of  laboratory  tests,  then  the  greater 
weight  is  given  to  the  practical  experience  in  selecting 
the  classification. 

3.  The  main  distinction  between  Class  2  and  3  is  the 

possible  effect  on  the  stability  of  the  If 

there  is  any  doubt  as  to  whether  the  stability  might 

be  affected,  the  material  is  placed  in  Class  3.  Slight 
deterioration  of  the  materials  causing  foreign  matter 
to  enter  the  IL^  might  cause  decreased  stability  of 
the  HjjOo* 

4.  Numerical  limits  for  the  various  classes  are  approximate 
Class  1  materials  would  fall  within  rather  narrow  limits 
while  Class  2  materials  have  much  broader  limits.  In 
general,  the  higher  the  active  oxygen  loss  for  a 
particular  material,  the  less  reproducible  are  the 
resul ts . 

The  AOL  reported  during  H2^2  materiQ^8  compatibility  tests  has 
numerous  meanings  in  the  study  of  hydrogen  peroxide  solutions. 
This  report  uses  the  expression  "Active  Oxygen  Loss"  (AOL)  or 
percent  AOL  as  defined  in  the  government  procurement  specifica¬ 
tions  for  hydrogen  peroxide;  this  definition  may  be  simply  ex¬ 
plained  by  the  following  mathematical  expression; 

Percent  AOL  -  100  (HgOg  weight  loss  during  testing)/ 
initial  HgOg  weight  x  0.470 
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The  weight  loss  is  measured  over  a  specific  period  of  time 
at  a  controlled  (and  known)  temperature.  The  generally 
accepted  criteria  for  AOL  va  compatibility  rating  are  pre¬ 
sented  in  Table  4.3. 

Hydrogen  peroxide  stability,  which  ia  usually  reported  as  per¬ 
cent  stability,  is  the  test  used  to  determine  the  relative 
homogeneous  decomposition  reaction  rate  of  hydrogen  peroxide 
solutions.  As  applied  in  the  materials  compatibility  tests, 
it  is  essentially  a  measure  of  the  degree  of  contamination 
of  the  solution  by  the  test  material .  This  is  determined  by 
essentially  measuring  the  AOL  of  the  Ho0o  during  a  212  F  ex- 
posure  for  24  hours.  The  stability  is  then  expressed  as 
(lOO-AUL)  percent. 

Another  rating  criteria  for  IIo0o  materials  compatibility  is 
that  of  impact  sensitivity.  Liquid  and  powdered  materials, 
including  solids  which  might  yield  finely  divided  particles 
in  service  such  as  a  carbon  bearing  ring,  u,ust  be  evaluated 
for  possible  sensitivity  to  impact  when  in  intimate  contact 
with  hydrogen  peroxide  solutions.  This  impact  sensitivity  is 
determined  by  subjecting  varying  proportions  of  the  material 
and  Ho0o  to  the  impact  of  a  weight  dropped  from  a  opecified 
height.  Illustrations  of  some  impact  sensitivity  results  are 
presented  in  Table  4.14;  however,  no  weight-distance  data 
were  reported  for  many  of  the  positive  results.  Because  there 
are  appreciable  variations  in  impact  results  with  various 
machines,  operators,  and  facilities,  these  data  are  not  qunn- 
itative,  but  simply  indicate  that  under  some  conditions 
sensitive  situations  are  possible  with  the  noted  materials. 

In  some  impact  test  procedures,  a  small  amount  of  wetting 
agent  is  added  to  the  Ho0o  to  simulate  the  intimate  contact 

dm 

which  might  be  created  by  mechanical  load  (such  as  might  be 
found  in  pump  packings  or  bearings).  This  practice,  however, 
ia  not  employed  consistently.  Any  material  which  is  impact 
sensitive  when  in  contact  with  IIo0o  in  any  proportion  is 
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considered  a  Class  4  material.  The  criteria  of  impact  sensi¬ 
tivity  of  a  material  in  contact  with  the  IIo0  is  the  incidence 
of  any  positive  detonation  on  the  basis  of  a  minimum  of  10 
trials.  A  mixture  which  gives  negative  results  during  the 
initial  10  valid  tests  is  tentatively  considered  to  be  non¬ 
impact  sensitive  unless  later  tests  produce  a  positive  result. 

During  tests  of  protective  coating  materials,  special  care  is 
necessary  (and  perhaps  additional  criteria  ere  necessary)  if 
the  test  is  to  determine  the  compatibility  of  the  costing 
material  and  not  its  eff icicncy  or  covering  power.  Ideally, 
coating  materials  should  first  be  tested  alone  or  as  coatings 
on  known  Class  1  base  metals;  after  these  tests  are  completed, 
the  materials  should  be  tested  as  coatings  on  the  particular 
base  metal  contemplated  for  end  use  in  the  composite  assembly. 
Criteria  (Ref.  4.25,  4.29  used  in  expressing  the  results  of 
coating  tests  will  depend  on  the  type  of  service  contemplated; 
the  coating  must  yield  the  class  of  compatibility  required 
for  the  application  and  must  continue  to  tightly  adhere  to 
the  metal  during  the  standard  compatibility  tests.  Exact 
criteria  for  thcs*e  coating  tests  have  not  been  established; 
but  it  is  believed  that  the  coating  should  show  no  blisters 
or  deterioration  in  contact  with  either  the  liquid  phase  or 
vapor  phase  for  a  period  of  1  year  at  86  F  or  1  week  at  150  F 
(or  at  the  desired  service  temperature).  Splash  resistance 
coatings  to  be  used  as  protection  for  surfaces  in  installa¬ 

tions  should  not  react  violently  with  the  H(,0o  and  should 
not  blister  during  a  period  of  24  hours  at  room  temperature. 

Clothing  materials  are  normally  classified  (Ref.  4.25)  accord¬ 
ing  to  recommendations  for  their  use.  Criteria  for  such 
classification  are  as  follows: 

First  Choice:  The  material  does  not  burn  on  immersion  or 
during  drip  tests  in  the  "as  received"  or  "soiled" 
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condition;  the  material  fibers  are  not  appreciably  weak¬ 
ened  after  immersion  for  1  month  in  Ilo0o. 

A* 

Second  Choice:  The  material  docs  not  burn  on  immersion  or 

during  drop  tests  in  the  "as  received"  stage;  however, 
the  material  may  allow  some  tendency  toward  burning  in 
the  "soiled"  state  and  its  fibers  may  be  significantly 
weakened . 

Not  Suitable:  The  material  either  causes  excessive  decomposi¬ 
tion  of  the  Ho0o,  burns,  dissolves,  and/or  disintegrates 
in  either  the  "as  received"  or  "soiled"  state. 

Selection  of  materials  for  use  as  joint  sealing  compounds  with 
Ho0o  is  based  primarily  on  the  impact  sensitivity  of  the  com- 
pound  witli  the  appropriate  concentration  of  hydrogen  peroxide. 
The  impact  tests  should  show  no  positive  results  with  a  3 
kg-meter  impact  at  room  temperature.  Decomposition  of  the 
Ho0o  in  contact  with  the  compound  is  of  secondary  importance; 
however,  the  compound  must  not  act  as  a  strong  ll^rt  decomposi¬ 
tion  catalyst  and  the  compound  should  not  be  a  Class  4  material. 
These  compounds  should  also  show  zero  leakage  during  the  tests 
described  in  Section  4. 2. 1.1. 7. 


4.2.2  Materials  Compatibility 

A  large  number  of  laboratory  hydrogen  peroxide  materials 
compatibility  tests  and  the  experience  provided  by  a  number 
of  years  of  usage  have  resulted  in  a  comprehensive  know¬ 

ledge  of  the  effects  of  certain  moterials  on  hydrogen  peroxide. 
These  materials  compatibility  data  are  summarized  in  Tobies 
4.4  through  4.31a.  Although  the  most  extensive  compilation 
of  materials  compatibility  data  was  token  from  Ref.  4.25,  the 
most  recent  data  ore  those  of  Ref.  4.10  through  4.18. 
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In  general,  t lie  compatibility  data  reported  in  these  tables 
are  tests  for  usage  with  90  w/o  II,,0();  but  it  lias  been  found 
that  materials  suitable  for  -90  w/o  II„0o  service  are  usually 

*—  <w 

suitable  for  use  with  lower  concentrations.  In  a  few  in¬ 
stances,  materials  that  are  unsuitable  for  s  90  w/o  H,,0o 

■—  •» 

service  liavc  been  found  suitable  for  oervice  at  lower  concen¬ 
trations.  However,  it  is  uncertain  os  to  whether  materials 
suitable  for  90  w/o  H.,0,,  service  will  be  suitable  for  use  in 
higher  concentrations.  Therefore,  some  compatibility  data  have 
been  generated  (itef.  4.9,  4.25,  4.29)  on  a  selected  number  of 
materials  with  98  w/o  Ho0()  and  are  presented  in  Tobies  4.4, 

4.5,  4.8,  4.19,  and  4.31. 


The  results  presented  in  these  tables  indicate  that,  in  general, 
the  materials  suitable  for  90  w/o  IIo0o  service  are  suitable  for 
98  w/o  IIo0o  service.  Some  plastics  are  attacked  more  severely 

*-»  <w 

by  the  more  concentrated  solutions.  With  metals,  98  w/o 

Ho02  Gencrolly  showed  less  active  oxygen  loss  than  did  90  w/o 
Ilo0o.  This  apparent  greater  stability  of  98  w/o  hydrogen 
peroxide  in  the  presence  of  metals  was  found  to  result  in  in¬ 
creased  storage  stability  in  the  pure  aluminum  shipping  drums 
which  arc  used  for  all  hydrogen  peroxide  shipments.  The  data 
in  Tables  4.4  through  4.18  are  presented  and  classified  accord¬ 
ing  to  the  criteria  of  Section  4. 2. 1.2.  Materials  compatibility 
presented  in  Tables  14a,  and  4.19  through  4.31a  are  results  of 
studies  conducted  under  special  and  specific  conditions.  These 
results  are  presented  only  in  terms  of  measured  values  and  no 
attempt  has  been  made  to  classify  the  results  to  meet  a  specific 
set  of  standards. 


The  results  presented  herein  are  based  on  the  conditions  noted. 
Different  conditions  (i.e.,  temperatures,  passivations,  fabrica¬ 
tion  techniques,  etc.)  can  result  in  significantly  different 
results.  The  data  should  be  used  as  a  basis  for  materials 
selection;  however,  all  systems  after  construction  or  fabrica¬ 
tion  should  be  tested  for  compatibility  prior  to  actual  use. 
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The  materials  compatibility  data  presented  in  Tables  4.4 
through  4.31a  ore  summarized  with  respect  to  various  types 
of  materials  in  Suctions  4. 2. 2.1  through  4.2.2.10,  and  various 
controlling  effects  in  Sections  4.2.2.11  through  4.2.2.14. 


4.2.2. 1  Aluminum  and  Aluminum  Alloys.  The  results  of  a  large  number 
of  compatibility  tests  of  aluminum  alloys  witli  90  and  98  v/o 
are  summarized  in  Tables  4.4,  4.20,  4.21,  and  4.31.  These 
results  indicate  that  several  aluminum  alloys  meet  the  stringent 
requirements  of  Class  1  materials.  Of  these,  aluminum  alloys 
with  low  copper  content  suoh  as  1000,  1160,  1200,  5254,  and 
5052  have  shown  excellent  service.  Minimum  corrosion  lias  been 
experienced  with  1000  alloy,  and  this  alloy  is  the  one  most 
frequently  used  in  storage  containers.  The  higher  strength 
5254  and  5052  aluminum  alloys  have  shown  excellent  service 
in  shipping  drums,  tank  trucks,  and  tank  car  fabrication 
materials.  The  5254  alloy,  in  various  grades  of  temper,  has 
been  used  successfully  in  several  missile  applications. 

Aluminum  10^0  lias  been  used  extensively  for  standard  piping 
despite  its  low  tensile  strength  and  ultimnte  viold.  Where 

•  w  v  '  •  --  -  - 

pressures  may  be  involved  which  are  too  great  for  standard 
pipe,  the  use  of  schedule  90  pipe  of  1060  aluminum  is  recom¬ 
mended.  Alternate  choices  of  piping  material  are  5254  and 
5652  aluminum. 

Other  aluminum  alloys  with  low  copper  content,  such  as  6001 
and  6003,  have  shown  Class  2  compatibility.  The  high  strength 
structural  alloys  such  as  2014,  2017>  and  2024  are  unsuitable 
for  service  with  IlgO^  because  of  corrosion  and  a  high  rate  of 
decomposition  of  the  IlgOg  •*-n  COQtoct  with  then. 

Aluminum  casting  alloys  43  and  356  have  been  employed  success¬ 
fully  for  pump  and  valve  bodies  for  many  years  although  some 
corrosion  generally  does  occur.  The  low  copper  casting  alloy 


186 


B-356  lifts  indicated  Class  1  compatibility  during  laboratory 
tests  vitli  llo0o,  and  satisfactory  service  experience  bus  re- 

«-  Am 

suited  with  various  Ilo0n  conccntratioiiH • 

Am  Am 

Some  testing  lias  been  conducted  on  hard-coat  aluminum.  The 
laboratory  results  from  tests  of  10-,  20-,  and  36-minute 
penetration  on  aluminum  alloy  6001  indicated  CIobs  3  compat¬ 
ibility  with  Ho0o.  Use  experience  is  very  limited,  but  it 

Am  Am 

may  be  desirable  to  apply  tiara-coat  aluminum  in  place  of  300 
■erics  stainless  steel  in  equipment  that  is  fabricated  pre¬ 
dominantly  of  aluminum.  Experience  is  needed  to  determine 
the  resistance  of  hard-coat  aluminum  to  corrosion  in  service 
with  intermittent  wetting. 


Most  cases  of  aluminum  corrosion  in  lfo0  systems  result  in 

«-  Am 

localized  pitting  (cell  effect)  because  of  the  presence  of 
foreign  materials,  and  hydrated  aluminum  oxide  formed  during 
wetting  and  drying  cycles.  The  presence  of  chloride  ion  in 
hydrogen  peroxide  results  in  aluminum  pitting;  however,  if 
a  7:1  ratio  of  nitrate  ion  to  chloride  ion  is  present,  almost 
complete  elimination  of  corrosive  action  is  obtained  (Ref. 
4.23).  Therefore,  the  nitrate  ion  is  added  to  Iio0o  to  counter- 

Am  At 

act  the  possibility  of  chloride  damage  to  aluminum. 


4. 2. 2. 2  Stainless-Steel  Alloys.  The  compatibility  of  stainless-steel 
alloys  with  96  and  98  v/o  is  presented  in  Tables  4.5, 

4.19,  4.22,  4.23,  4.24,  4.25.  4,31  and  4.31a.  Although  there 
are  so  Class  1  stainless  steels,  several  Class  2  stainless- 
steel  alloys  ore  known.  In  general,  the  wrought  or  forged 
AISI  300  aeries  stainlees-ateel  alloys  with  proper  passivation 
are  suitable  for  Class  2  service  with  hydrogen  peroxide.  Cost 
stainless  steel  is  generally  unsatisfactory  for  HgO,,  service 
unless  special  casting  techniques  are  followed. 
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It  lias  been  reported  that  some  formulas  of  the  typo  303  free 
machining  alloy  are  not  suitable  for  use  with  H,,0„.  Therefore, 

Cm  *» 

prior  to  use  of  this  alloy,  it  is  suggested  that  a  sample  of 
the  lot  to  be  used  be  evaluated  for  compatibility  with  the 
pertinent  H.,0o  grade. 

Cryogenically  prestrained  301  stainless  steel  offers  high 
yield  (200,000  psi)  strength  and  a  280,000  tensile  strength. 

The  test  data  in  Table  4,5  reveal  that  this  treatment  results 
in  a  material  that  has  u  border! iue  Class  l/ciaes  2  compati¬ 
bility  with  90  or  98  w/o  l!o0o . 

«U  4. 

Experience  with  use  of  the  wrought  300  series  o tain  1  coo  steel 
for  teauiless  tubing,  seamless  pipe,  fabricated  equipment  for 
piping  systems,  and  welded  tonics  lias  boon  ta tisfoctory .  The 
use  of  300  seiits  stainless  steel  is  recommended  for  high- 
pressure  flow  systems  and  applications  where  the  presence  of 
aluminum  oxide,  which  is  difficult  to  avoid  in  li^O^  handled 
in  aluminum,  cannot  ho  tolerated. 

Usually  hydrogen  peroxide  test  tonics  have  been  fabricated 
of  347  stainless  steel  which  contains  niobium  (columbium) 
as  a  welding  stabilizer.  More  than  13  years  of  satisfactory 
service  have  been  achieved  at  JMC  with  these  tonics  in  the 
handling  of  90  am!  98  v/o  II„0o .  Although  J21  stainless  steel 
lias  been  used  in  some  systems,  the  titanium  welding  stabilizers 
have  a  slight  catalytic  effect  upon  the  HgOg.  The  extra-low 
carbon  304  stainless  steel  has  been  shown  to  be  an  excellent 
^2^2  *'onk  material.  This  material  demonstrates  good  compat¬ 
ibility  with  HgOg  at  room  and  elevated  temperatures. 

An  extensive  amount  of  testing  has  been  conducted  on 
precipitation-hardening  atainlesi-eteel  alloys  such  as  AM-330 
arid  17-7  HI  alloys.  The  AM-330  material  lias  given  excellent 
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•crvice  in  flight  vehicles;  however,  the  material  hardness 
must  be  less  than  42  lie  (llochwel)  Hardness  Scale  C),  or  there 
is  an  increase  in  IIo0o  decomposition  and  development  of  tuetnl 
rusting.  The  *'  7  I'll  material  has  proved  veiy  successful 
with  7b  v/o  H„0  and  moderately  successful  with  90  w/o  II, .0  ; 
however,  a  special  passivation  treatment  (lief.  4.3 1)  is  re¬ 
quired  to  acliieve  a  Class  2  rating  for  this  material.  Surface 
finishing  of  the  sample  with  120-grit  abrasive  compound  was 
found  to  be  effective  in  improving  the  compatibility  of  this 
alloy. 

Tl  ie  AISI  400  series  stainless  steels,  whether  annealed  or 
in  the  heat-treated  fora,  40  to  38  He,  will  rust  if  the  surface 
finish  is  greater  than  10  rms .  This  type  of  corrosion  phenomenon 
indicates  that  it  is  necessary  to  examine  samples  from  compat¬ 
ibility  tests  after  the  actual  test  has  been  completed.  It 
is  suggested  that  this  examination  should  be  made  at  24-hour 
and  1-wecli  intervals  of  exposure  to  air  after  the  sample  is 
dried.  It  lias  been  found  that  immersion  of  a  sample  in  dis¬ 
tilled  water  for  24  hours  following  the  compatibility  test 
will  tend  tt  induce  this  type  of  stainless— steel  corrosion. 

In  general,  stainless  steels  suituble  for  H,,0o  service,  i.e., 

AISI  300  series  and  precipitation-hardening  alloys,  are  non¬ 
magnetic  or  only  weakly  magnetic.  Therefore,  any  metal b  that 
are  magnetic  should  be  suspected  of  incompatibility  with  Ho0o. 

For  example,  iron,  mild  steel,  and  AISI  400  series  stainless 
steels  are  magnetic  and  are  not  suitable  for  Ho0  service. 

Any  unknown  material  that  is  magnetic  is  of  questionable  com¬ 
patibility  with  Ho0f)  until  completely  tested. 

It  has  been  determined  experimentally  that,  in  general,  the 
smoother  the  material  finish  of  Ho0o  system  components,  the 
better  the  compatibility.  Finishes  should  not  exceed  32  rms, 
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and  should  be  smoother  if  possible.  This  is  especially  im¬ 
portant  in  stainless-steel  storage  and  handling  systems;  a 
rough  spot  in  a  tank,  for  example,  will  cause  11, ,0  decumpos- 
ition.  This  condition  can  be  avoided  with  proper  design  and 
system  fabrication.  In  addition,  it  htiB  been  noted  (lief.  4,32) 
that  stainless-steel  alloys  require  cleaning  and  repussivuti on 
after  extended  service  in  Ilo0o  to  limit  the  gradual  buildup 
of  decomposition  activity. 


<1.2, 2. 3  Pure  Metals  and  Other  Metal  Alloys.  The  compatibility  of  pure 
metals  and  various  other  metal  alloys  with  90  w/o  hydrogen 
peroxide  is  presented  in  Tables  <i.O  and  <i.7»respeclively. 

Many  metals  other  than  the  aluminum  and  stainless-steel  alloys 
have  been  evaluated,  but  few  have  been  fomid  suitable  for  H,,0o 
service.  Silicon,  tantalum,  tin,  and  zirconium  are  exceptions. 
Of  these,  tin  has  been  utilized  to  the  greatest  extent,  i.e., 
for  gaskets  and  ne  a  solder  for  stainless  steel. 

Most  other  metallic  elements  exhibit  catalytic  action  in  con¬ 
tact  with  Ilo0o.  Th i s  is  especially  true  of  silver,  lead, 
cobalt,  and  platinum.  Iron  oxide  causes  rapid  catalytic 
dccomposi ti on  of  H,,0  .  Titanium  and  zinc  are  severely  attacked 

4.  W 

by  the  Ho0o. 

A  few  alloys  have  shown  nuitobility  for  Class  3  service  end 
might,  with  other  passivation  techniques,  be  made  suitable 
for  Cla^s  2  service;  however,  additional  research  would  be  re¬ 
quired  in  this  area.  Unfortunately,  none  of  the  extreme  hard¬ 
ness  metals  tested  have  shown  suitability  for  even  Class  3 
service,  except  the  10  rms  finish  440C  stainless  steel  (3b  to 
38  lie)  and  hard-bearing  chrome  plating  (38  to  70  lie). 
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4, 2. 2. 4  Nasties  and  Ilnbbcr  Compounds.  An  oxi'  '1  lent  summary  of  the 
results  of  compatibility  testa  with  vnrious  plastic  nnd 
rubber  compound u ,  presented  in  Tables  4.H  through  4.111  and 
4.20  through  4.30,  was  presented  in  Hof.  4.23.  ileeause  plastics 
and  rubber  compounds  arc  oigunic  in  nature,  the  compatibility 
with  hydrogen  peroxide  vuries  considerably.  I\en  those  mulct  inis 
Which  have  shown  excellent  compatibility  with  00  w/o  llo0  , 
both  in  the  laboratory  and  in  use,  may  he  suspect  when  new 
conditions  arc  met  which  have  not  been  encountered  or  simulated 
previously.  Conditions  which  may  lead  to  reaction  between  a 
plastic  mutoria!  and  are  extremely  vuried  nnd  difficult 

ft*  •_ 

to  predict  or  to  evaluate  in  the  laboratory.  However,  the 
following  one  generalization  must  always  bo  considered: 
the  combination  of  high-strength  hydrogen  peroxide,  organic 
materials,  and  heat  iroui  either  an  external  source  or  from 
decomposition  may  lead  to  an  explosive  reaction. 

*-  ft. 

The  compatibility  of  plustics  often  is  not  determined  by  the 
chemical  nature  or  composition  of  the  polymer  itself  but  is 
determined  by  the  impurities  present  in  it  Contamination 
of  molding  materials  during  handling  and  storage  with  dirt, 
dust,  nnd  other  organic  materials  ns  well  ns  inclusion  of 
metal  chips  or  granules  can  cause  noticeable  decomposition 
reactions.  A  surface  speck  of  foreign  material  originating 
in  the  mold  may  initiate  o  reaction  with  hydrogen  peroxide 
with  sufficient  heat  release  to  initiutc  reactions  with  the 
polymer.  Laminated  plastics  or  compression  molded  materials 
which  contain  minute  pores  or  air  pockets  may  be  incompatible 
because  of  the  accumulation  of  organic  material  in  these  voids. 
This  is  usually  the  result  of  some  cleaning  or  rinsing  process 
involving  organic  materials. 

For  these  reasons, there  may  be  differences  in  the  compatibility 
of  plastics  from  different  manufacturers  and  even  lot-to-lot 
variations  in  a  given  polymer  material  from  the  same  manufacturer. 
Lot-to-lot  variations  are  usually  much  less  noticeable  than 
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differenced  caused  by  various  processing  and  handling  tech¬ 
niques.  Compatibility  of  plastic  and  other  polymeric  or 
composite  materials  arc  therefore  usually  associated  with  a 
manufacturer's  name. 

Clean  polyethylene  bus  been  safely  utilized  during  laboratory 
work,  and  polyethylene  has  proved  to  be  a  satisfactory  mate¬ 
rial  for  use  vith  127.5  through  50  v/o  llfJ0o.  However, 

s*  a- 

polyethylene  at  its  melting  temperature  has  ignited  on  con¬ 
tact  with  concentrated  hydrogen  peroxide  and  is  therefore  uot 
recommended  for  concentrations  in  cxccbs  of  70  w/o  H,,0„. 

a.  6. 

Although  no  information  hus  been  obtained,  this  possibility 
should  ulso  he  considered  in  the  use  of  other  combustible 
polymers  for  service  at  temperatures  approaching  their  melt¬ 
ing  point  or  thermal  decomposition  temperature. 

lligh-temporalurc  service  materials  such  as  Kel-r  and  Teflon 
have  uot  demonstrated  any  indication  of  reaction  vith  hydrogcu 
peroxide  over  the  entire  concentration  range  at  ambient  temp¬ 
erature  conditions.  These  materials  were  also  found  to  be 
compatible  vith  VU  w/o  ll^Og  up  to  270  1’.  There  is  no  known 
reason  to  avoid  using  those  materials  in  any  l^  i)t_  service 
where  the  11, ,0r>  will  remain  below  its  normal  atmospheric  boil¬ 
ing  point.  However,  mixtures  of  these  materials  with  other 
materials  must  always  be  evaluated  because  reactions  arc 
varied  and  the  compatibility  of  any  added  ingredient  must 
alwuys  be  considered.  Glass-filled  Teflon  is  acceptable, 
carbon -filled  Teflon  may  be  acceptable,  and  aBbestoa-f illed- 
Teflon  is  not  acceptable.  Kel-F,  Aclar,  and  "virgin"  Teflon 
arc  the  most  compatible  plastic  materials  at  high  operating 
temperutures  and  should  be  utilized  wherever  the  physical 
properties  arc  suitable.  It  is  especially  recotusended  that 
thcoc  materials,  which  have  exceptionally  low  coefficients 


and  seals  without  lubricants  wherever  possible  because  of  the 
limitations  of  the  available  lubricants.  Special  high-pressure, 
2-hour  compatibility  tests  at  132  C  (270  F)  and  1000  psig  with 
90  w/o  HgOo  demonstrated  that  Teflon  and  Kel-F  are  not  ad¬ 
versely  affected.  The  A0L  for  these  2-hour  periods  is  com¬ 
parable  to  the  percent  A0L  experienced  at  66  C  (151  F)  in 
7  days.  Filled  plastics  such  as  Kel-F  elastomers,  97H 
Silicone,  and  Vitons  shov  swelling  at  the  high  test  temperatures. 

Kel-F  elastomeric  compounds  are  generally  inferior  to  Kel-F 
itself  in  compatibility  with  1^0^,  and  most  of  these  materials 
tested  have  met  the  Class  2  criteria. 

Aclar,  Mylar,  and  Dacron  plastics  have  demonstrated  excellent 
compatibility  with  I^Or,  in  the  laboratory.  Dacron  has  been 
used  fairly  extensively  as  cloth  for  protective  clothing  and 
reinforcement  of  other  plastics  which  contact  H^O^.  Mylar 
film  has  been  used  very  little  because  it  does  not  heat  seal, 
and  a  compatible  adhesive  has  not  been  found.  Aclar  is  heat 
sealable  and  is  being  used  in  some  applications.  Use  of  these 
materials,  particularly  Aclar  3?C  film,  as  bog  liners  for 
storage  containers  ia  currently  under  study  (Kef.  4.9). 

There  are  many  plastic  materials  that  break  down  upon  extended 
exposure  (>  7  days)  to  90  and  9B  w/o  HgO^  eleva^e^  temper¬ 
atures  (151  to  165  F)  but  exhibit  no  effect  upon  24-hour 
exposure.  The  majority  of  Vi  ton  A,  Vi  ton  B,  Fluorel  2141, 
and  Fluorel  4121  compounds  show  this  effect.  However,  most 
service  applications  are  at  ambient  temperature  conditions 
10  to  30  C  (30  to  120  F)  and  these  same  plastics  and  rubbers 
demonstrate  excellent  service  at  these  temperatures. 
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Viton  A  and  Fluorel  materials  demonstrate  Class  1  ratings  in 
10  to  49  C  (50  to  120  F)  service.  Viton  A  271-7,  produced 
by  Parker  Hanncfin  Corporation,  has  demonstrated  excellent 
service  as  0-rings  in  90  and  98  w/o  I^o  solenoid  valves  and 
for  component  seals.  Seals  Eastern  Corporation's  Fluorel  2141 
and  Fluorel  4121  0-rings,  seals,  and  bladdeis  have  proved 
satisfactory  in  the  moderate  temperature  range.  David  Clark 
Company's  Omni  (Viton  A)  has  proved  useful  as  0-riugs  and 
vhen  used  to  impregnate  glass  or  Teflon  cloth,  produces  a 
material  which  is  satisfactory  for  use  as  an  H^O^,  splash 
cloth  or  curtain  (Table  4.8). 

Polyvinylchlcride-based  materials  vary  in  their  reaction  with 
1^0  because  of  the  plasticizer  content  and  because  other 

«■  fa 

additives  such  as  fillers  and  pigments  are  used.  It  is  gen¬ 
erally  true  that  such  additives  reduce  the  compatibility  of 
the  compound  with  I^Og.  Koroseal  700  (molded)  has  been  ex¬ 
tensively  used  as  a  gasketing  material  in  low-pressure  service. 
The  formula  for  this  material  was  developed  specifically  for 
**2°2  8erv^ce'  Koroseal  116  and  117  (molded)  are  both  inferior 
to  Koroseal  700  (molded)  for  IkO,,  service.  Calendered  Koroseal 
is  unsuitable  because  the  UgOg  penetrates  into  the  sheet  and 
develops  gas  pockets  which  separate  the  layers  of  material. 
Calendered  materials  which  do  not  exhibit  'this  condition  can 
only  be  fabricated  of  materials  which  are  absolutely  imperme¬ 
able  to  UpOg. 


Polyvinylchloride  plastics  are  generally  permeated  by  90  w/o 
HO.  This  has  been  determined  for  both  molded  and  plastisol 

fa  fa 

types  of  polyvinylchloride.  The  absorption  of  HgOg  *n<**c“ 
ated  by  the  fact  thot  the  materials  which  are  generally  clear 
or  translucent  turn  an  opaque  white  after  a  period  of  contact 
with  the  IbjOo*  The  polyvinylchloride  material  containing 
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absorbed  Ilg0o  ^  be  shock  sensitive  although  no  adverse 
experience  of  this  nature  has  ever  been  encountered.  Polyvinyl 
chloride  plastics  will  also  leach  chloride  ion  into  the  IlgO^ 
which  will  cause  corrosion  of  aluminum  even  when  present  in 
minute  quantities. 

Silicone  rubber  elastomers  also  vary  considerably  in  compati¬ 
bility  with  hydrogen  peroxide  because  of  the  use  of  pigments 
and  fillers  in  some  compounds.  However,  there  are  a  number  of 
these  compounds,  mostly  unpigmented,  which  indicated  Class  2 
compatibility  with  11,0,,.  Of  these,  Silastic  9711  has  demon¬ 
strated  the  most  satisfactory  compatibility  with  90  w/o  H,,0o. 
Silascic  9711  is  used  in  various  applications  as  an  0-ring, 
gasket,  hose,  and  bladder  material.  Although  silicone  rub¬ 
bers  are  not  subject  to  heat  sealing,  welding  techniques  have 
been  developed  and  Silastic  9711  welded  with  Silastic  2200 
indicated  satisfactory  compatibility  with  HgO^. 

The  compatibility  of  several  possible  bladder  materials  is 
reported  in  Tables  4.26  through  4.28.  Compatibility  tests 
of  90  w/o  HgO,,  a*  11®  F  for  10  days  with  i-ilastic  9711 
(surgical  grade),  Fluorel  2141,  and  Aclar  22C  (Ref.  4.17) 
revealed  Aclar  to  be  the  most  compatible  material.  A  similar 
study  involved  the  use  of  Vicoue  185,  alone  and  as  part  of 
a  composite  structure  with  aluminum  in  addition  to  the  pre¬ 
ceding  materials.  Vicone  185  was  not  quite  as  satisfactory 
as  Aclar  in  the  pure  state.  In  the  composite  structures, 

Vicone  185  with  aluminum  exhibited  the  highest  decomposition 
rate  while. Fluorel  with  aluminum  exhibited  the  most  stable 
combination.  Following  compatibility  tests  conducted  at 
160  F,  both  Silastic  and  Fluorel  were  badly  blistered  (Ref. 

4.12  and  4.15  through  4.17)-  These  results  are  in  slight 
conflict  with  Ref.  4.25  which  reported  the  most  compatible 
bladder  material  readily  available  for  90  w/o  HgOg  is  North 
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American  Aviation's  Vicone  185  (Table  4.26).  Other  satis¬ 
factory  bladders  are  the  D.  F.  Goodrich  Company's  9711  high 
purity  silicone  material,  and  duPont's  thin  film  FEP  Teflon 
(heat  sealed).  There  arc  other  materials  that  show  promise 
as  bladder  materials,  such  as  Viton  A  and  1). 

Some  adhesive  agents  for  bonding  silicone  rubber  Silastic 
9711  to  aluminum  6061  were  evaluated  in  the  form  of  finished 
washers.  Chemloc  607  appeared  to  be  most  suitable  and  DCA 
4094  is  only  slightly  inferior  to  it.  With  the  adhesive 
present,  compatibility  results  were  reported  to  be  poorer  than 
would  be  expected  for  the  silicone  rubber  and  aluminum  alone; 
however,  a  control  teBt  was  not  run  for  comparison. 

Silicone  rubbers  that  indicate  Class  2  results  for  H,,0o  service 
are  considered  to  be  superior  to  polyvinylchloride  materials 
because  the  possibility  of  chloride  leaching  is  eliminated 
and, in  general,  the  flexibility  of  silicone  rubbers  varies 
much  less  over  a  wide  temperature  range.  Permeability  studies 
of  silicone  rubber  to  IL0o  indicate  slow  seepage  and  layer 

4mt  4m 

separation  because  of  oxygen  evolution  in  the  pores.  Decause 
of  the  permeability  of  silicone  rubber  to  hydrogen  peroxide, 
prolonged  contact  even  at  atmospheric  pressure  may  make  the 
silicone  rubber  susceptible  to  rapid  oxidation  should  a  flame 
be  encountered. 

Most  of  the  plastic  materials  discussed  can  be  utilized  as 
gaskets  in  the  proper  type  of  flanges.  However,  there  are 
two  reinforced  Teflon  gasketing  materials  which  have  exhibited 
satisfactory  compatibility,  and  should  find  application. 
Korda-flex,  a  Teflon-coated  glass  fabric,  has  indicated 
Class  1  results  and  Duroid  5600  yielded  Class  2  results. 

Actual  use  experience  has  not  yet  been  gained  with  either 
of  these  materials. 
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Several  teste  have  been  Bade  of  built-up  diaphragms,  usually 
a  plastic  aad  cloth  sandwich  type  construction  using  Dacron 
or  glass  fabric.  The  compatibility  of  these  diaphragms  with 
90  w/o  1^2  k®*  been  satisfactory  when  using  Omni  (Viton  A) 
impregnated  glass,  Teflon,  or  Dacron  cloth.  Polyethylene 
and  Kel-F  sheet  diaphragms  have  been  utilised  successfully 
in  pressure  transducers  with  water  on  the  pressure  gage  side. 
Stainless-steel  diaphragms  have  also  been  utilised  satisfac¬ 
torily.  In  designing  equipment  for  *ervice,  it  ia  best 

to  avoid  diaphragms  if  possible.  If  a  diaphragm  must  be 
used,  there  should  be  adequate  testing  of  diaphragm  materials 
with  14,^2  k°*ore  the  materials  for  its  construction  are 
chosen. 


4. 2. 2. 5  Porous  Materials.  The  results  of  compatibility  tests  of 

.  » 

90  w/o  hydrogen  peroxide  with  porouB  materials,  presented 
in  Table  4,13,  are  sumnarized  in  Ref.  4.25.  In  this  summary, 
it  was  indicated  that  porous  materials  are  generally  of  in¬ 
terest  for  use  in  the  filtration  of  hydrogen  peroxide  to 
collect  any  solid  foreign  material  which  accidentally  enters 
into  the  Whereas  a  minor  amount  of  catalytic  dirt 

might  be  tolerated  in  a  large  tank  of  collection  of 

this  dirt  on  a  filter  in  a  relatively  small  quantity  of 
could  cause  considerable  decomposition.  Therefore,  care 
must  be  exercised  to  keep  the  use  of  filters  to  a  minimum 
and  to  select  filtering  media  that  will  not  readily  react 
with  decomposing  HgOg.  Therefore,  for  concentrations  of 

above  50  w/o,  low  melting  materials  such  as  Dacron  are 
not  recosnended  for  filter  elements  (Ref.  4.25)< 


Some  porous  porcelain  bacteriological  filters  have  exhibited 
good  serive  in  Power  refueling  operations.  Tests 

indicate  that  porous  Teflon  and  Kel-F  may  be  suitable  for  use 
as  filter  media. 
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Stainless-steel  filters  fabricated  of  wire,  either  wrapped 
or  woven,  yield  Class  2  or  3  results.  When  using  these  mate¬ 
rials  for  filter  elements,  welding  should  be  kept  to  a 
minimum.  Filters  made  of  31b  stainless  steel  have  been  used 
successfully  in  various  t^Or,  operations,  such  as  fueling 
operations  involving  flight  vehicles.  Porous  stainless-steel 
elements  formed  by  sintering  powdered  metal  have  not  proved 
satisfactory  for  H^Og  service. 

Filtroa  C  has  been  used  extensively  for  filtering  all  concen¬ 
trations  of  ll^o  end  for  filters  on  storage  and  shipping  tank 
vents,  but  it  is  fragile  and  difficult  to  back-waih.  Replace¬ 
ment  of  this  material  for  both  uses  is  being  investigated. 

It  is  not  recontnended  for  power-system  use. 

When  using  filters  for  1^0  service,  it  is  important  to  keep 
them  clean  and  to  examine  them  frequently.  When  dirt  on  a 
filter  is  allowed  to  dry,  oxidation  may  occur  which  may  cause 
increased  catalytic  action.  Therefore,  it  is  a  good  policy 
to  flush  a  filter  before  use,  and  to  back-wash  an  filter 

inmediately  after  use  with  distilled  or  clean  water. 


4. 2. 2. 6  Lubricants.  The  compatibility  of  various  lubricants  (Ref. 

4.25  and  4.33)  with  90  w/o  HgOg  *8  P*  8ente<*  in  Tables  4.14 
and  4.14a.  The  test  results  indicate  that  only  the  fluorinated 
hydrocarbons  are  sufficiently  compatible  with  90  w/o  H^O^ 
be  considered.  Even  these  materials  can  probably  react  with 
the  90  W/O  I^Og  if  there  is  sufficient  force  or  heat  applied 
to  the  mixture.  However,  the  use  of  fluorinated  hydrocarbons 
has  been  satisfactory  in  transfer  pump  packing  glands  in  use 
with  300  series  stainless-steel  shafts. 
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The  present  fluoridated  hydrocarbon*  do  not  posse**  good 
lubricating  qualities,  and  their  viscosities  vary  widely  with 
temperature.  Some  lubricity  additives  were  evaluated  sev¬ 
eral  years  ago,  but  uono  was  completely  satisfactory  because 
of  the  difficulty  of  attaining  stable  emulsions.  In  addition, 
use  of  fluoridated  hydrocarbons  as  lubricants  for  aluminum 
threads  or  iu  conjunction  with  aluminum  with  a  high  surface 
area  iu  applications  where  heat  may  be  created  (which  is  a 
natural  condition  in  all  applications  requiring  lubricants) 

■ay  lead  to  detonating  reactions  without  any  H^O^  Pre8el>^* 

Two  instances  of  such  an  occurrence,  one  during  a  thread  cut¬ 
ting  on  aluminum  pipe  using  Fluorolube  as  a  cutting  lubricant 
and  the  other  when  fluorinated  hydrocarbon  was  used  as  a 
thread  compound  on  the  aluminum  head  bolts  of  a  decomposition 
chamber,  have  been  reported.  This  reaction  was  reproduced 
in  the  laboratory  by  dropping  a  fluorinated  hydrocarbon  on 
heated  aluminum  in  powder  form. 

There  also  is  some  indication  that  presence  of  a  fluorinited 
hydrocarbon  in  intimate  contact  with  an  organic  materia'  and 
90  w/o  may  cause  increased  sensitivity.  Although  this 

phenomenon  has  not  been  adequately  evaluated,  it  appears  that 
the  use  of  fluorinated  hydrocarbons  in  conjunction  with  or¬ 
ganic  materials  in  concentrated  Ho0o  service  should  be  avoided 
unless  the  specific  system  to  be  used  has  been  adequately 
tested.  The  best  practice  if  possible,  is  to  eliminate  the 
need  for  lubricants. 

In  evaluating  lubricants  for  H,0o  service,  the  results  of 
the  impact  test  are  of  greatest  significance.  However,  there 
is  no  standard  impact  tester,  and  the  reproducibility  of  most 
testers  is  marginal.  The  modified  Bureau  of  Mines  Impact 
Tester  used  for  the  results  reported  in  Table  4.14  is  simple 
to  use  and  has  been  proved  to  be  generally  reliable;  but  it 
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is  subject  to  variations  in  results  with  different  operators, 
and  the  condition  of  the  anvil  plunger  or  weight  is  another 
variable.  Despite  the  practice  of  regular  calibration  of  the 
tester  with  a  "known"  mixture  of  ethyl  alcohol  and  90  w/o 
1^0,,  in  equal -volume  proportions,  poor  reproducibility  has 
been  experienced.  Because  of  this  situation,  it  is  thought 
that  any  positive  detonation  should  be  sufficient  to  place 
a  lubricant  in  Class  4  for  service.  Thus,  even  though 

a  lubricant  or  grease  may  pass  all  tests  with  negative  re¬ 
sults  and  then  give  a  positive  result  during  a  later  check 
test,  it  will  be  classed  os  unsuitable  for  11^0^  service. 

Pump  packing  lubrication  is  one  problem  which  can  be  over¬ 
come  by  the  use  of  mechanical  seals  which  require  no  lubri¬ 
cation.  Seals  fabricated  of  300  series  stainless  steel 
with  ceramic  and  glass-filled  Teflon  mating  surfaces  and 
cooled  with  the  liquid  being  pumped  have  been  success¬ 

fully  applied  to  centrifugal  transfer  pumps  for  several 
years. 


4. 2. 2. 7  Ceramic  and  Refractory  Materials.  A  summation  of  the  re¬ 

sults  of  compatibility  tests  of  90  w/o  hydrogen  peroxide 
with  ceramic  and  refractory  materials,  which  are  presented 
in  Table  4.16,  has  been  taken  from  Ref.  4.23.  Testing  of 
materials  in  vhis  category  has  been  limited  because  applica¬ 
tions  are  often  limited  by  fragileness  where  shock  impact 
may  be  experienced.  Most  of  these  materials  have  been  con¬ 
sidered  for  applications  where  hardness  is  important  or  as 
filter  elements  contained  in  a  stainless-steel  bousing. 

Coors  Ceramic  AB-2  has  been  utilized  successfully  in  con¬ 
junction  with  glass-filled  Teflon  for  mechanical  seals  on 
HgOg  transfer  pumps,  which  use  as  a  coolant  for  the 

seal.  Coors  Ceramic  AB-2  and  Al-200  have  been  utilized  for 
plunger  pump  parts,  but  no  experience  has  been  obtained  with 

Vs- 


200 


Solas  porous  porcelain  microbiological  filters  have  shown 
satisfactory  service  with  90  w/o  and  90  w/o  Ho0  and  may  be 
used  to  filter  high-strength  H,/),, . 

Aluminum  oxide  coating  materials  were  evaluated  and  found  to 
be  unsatisfactory.  The  poor  results  may  be  due  to  the  method 
of  coating,  added  agents,  or  the  roughness  of  the  coating. 

Laboratory  glassware  is  used  extensively  for  carrying  out 
compatibility  and  stability  tests  as  well  as  geucrul  lab¬ 
oratory  handling.  Pyrex  glass  is  superior  to  soft  glaos 
and  is  used  extensively  as  piping  in  the  H^C(,  manufacturing 
facilities.  Glass  linings  have  been  evaluated  to  a  limited 
extent;  the  more  common  glass  used  for  lining  contains 
cobalt,  which  demonstrates  poor  compatibility  with 
Some  glass  formulas  do,  however,  show  excellent  compati¬ 
bility  with  1L,0 2>  but  there  is  no  use  experience  available 
with  these  linings. 

\ 

Synthetic  sapphire  has  not  been  applied  extensively  despite 
its  excellent  compatibility  with  Ho0o.  Hotometer  floats 
are  probably  the  only  present  application. 


4. 2. 2. 8  Protective  Coating  Materials.  The  compatibility  of  protec¬ 

tive  coatings  (Ref.  2.25  and  4.29)  with  90  w/o  HgOg  is  pre¬ 
sented  in  Table  4.17.  Protective  coatings  are  not  recom¬ 
mended  for  Hj,0  8*-orafie  tank  service,  but  may  be  of  value 
for  special  purpose  tanks  and  to  protect  incompatible  ma¬ 
terials  from  HgOg  splash.  Of  the  protective  coatings  evalu¬ 
ated  for  service  with  90  w/o  H^Og,  only  Teflon,  Kel-F,  and 
hot  air-sprayed  polyethylene  have  indicated  suitability  for 
more  than  splash  contact  at  temperatures  to  71  C  (160  F)  for 
Teflon  and  Kel-F,  and  temperatures  of  49  C  (120  F)  for  poly- 
ehtylene;  however,  there  has  been  no  experience  with  such 
coatings  in  actual  service.  The  application  of  such  coatings 
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or  paints  ia  recommended  for  surfaces  of  material!*  aubject 
to  corroaion.  Prevention  of  rust  in  H^o  handling  and  stor¬ 
age  areas  is  a  safety  measure  because  the  possibility  of 
contaminating  the  ll^O^  *8  rcduced. 

Kanegin-coated  (electroless  nickel)  mild  steel  hus  shown 
good  compatibility  with  90  w/o  11^0^.  Tin-plating,  followed 
by  a  heat  treatment  at  215  C  (420  F)  to  seal  the  pores,  has 
proved  to  be  an  effective  coating  for  11  0  service. 

s,  s. 

It  is  believed  that  protective  liners  may  be  used  to  ad¬ 
vantage  in  ip,  0  service  for  prevention  of  corrosion  of 
aluminum  surfaces  and  for  special  cases  of  high-pressure 
feed  tanks  to  allow  fabrication  from  metals  which  possess 
high  strength-to-weight  ratios  but  are  not  sufficiently 
compatible  with  the  Uo0o  to  allow  a  practical  holding  time. 

In  general,  platings,  such  as  tinplate,  strip  off  when  ex¬ 
posed  to  '0  w/o  HgOjj  unless  special  precautions  are  taken 
to  prevent  this.  Apparently,  the  seeps  through  pin¬ 

holes  in  the  plate  or  under  the  edge  and  then  decomposes 
when  it  contacts  the  undersurface,  liberating  oxygen  gas. 

The  gas  then  forms  a  blister  which  eventually  breaks  and 
allows  more  ll^d  to  contact  the  undersurface. 


4.2.2 ,9  Protective  Clothing  Materials.  The  results  of  compatibility 

tests  of  protective  clothing  materials  with  90  w/o  hydrogen 
peroxide,  summarized  in  Tables  4.18  and  418a,  are  discussed 
in  lief.  4.25.  The  study  of  materials  for  protective  clothing 
was  directed  primarily  at  finding  materials  which  would  not 
ignite  if  90  w/o  H^Og  was  spilled  on  them  when  they  were 
soiled  with  catalytic  dirt.  The  chief  hazard  encountered 
when  concentrated  hydrogen  peroxide  is  accidentally  splashed 
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on  a  vorkv r  ie  the*  possibi  1  i ty  that  the  worker'*  clothing 
will  ignite.  The  material*  were  also  evaluated  for  resistance 
to  deterioration  by  the  action  of  concentrated  hydrogen 
peroxide . 

As  a  result  of  this  study ,  it  was  found  that  in  both  the 
clean  and  soiled  condition, "virgin 'Dacron  in  all  formB, 
Suran-monof i lament ,  and  55  percent  Docron-45  percent  wool 
cloth  resisted  ignition,  Dynel  and  Saron  stable  fiber  re¬ 
sisted  ignition  in  the  clean  condition  and  ignited  only 
with  difficulty  when  soiled.  Dacron  was  unaffected  by  9t)  w/o 
110,  and  Dacron-wool  and  Dynel  were  only  slight  detiorated. 

It  must  be  noted  that  some  treated  and  dyed  Dacrous  in  the 
"soiled"  condition  will  ignite  with  90  w/o  14,0,, ,  uud  all 

At  su 

samples  must  be  tested  before  use. 

Based  on  this  study,  sources  were  developed  for  permeable 
and  impermeable  clothing;  a  recommended  protective  clothing 
and  necessary  accessories  list  for  14,0,,  handling  is  pre¬ 
sented  in  Section  6.4.  This  list  includes  safety  clothing 
ana  equipmeut  such  as  goggles,  gloves,  aprons,  and  shoe 
coverings  which  arc  made  from  plastics  or  rubbers  acceptable 
for  the  purpose.  Dacron  and  Dynel  work  clothing  have  been 
utilized  to  a  considerable  extent  with  satisfactory  service. 

It  oust  be  pointed  out  that  even  protective  clothing  MUST 
BE  KEPT  CLEAN  and  particularly  free  of  ordinary  greases  and 
catalysts  such  as  potassium  permanganate.  Grease-soiled 
samples  of  Dacron,  Dynel,  and  55  percent  Dacron-45  percent 
wool  fabrics  have  been  found  to  ignite  and  burn  vigorously 
when  wetted  with  90  w/o  H^O^.  When  laundering  or  cleauiug 
Dynel  fabrics,  special  techniques  must  be  employed  because 
of  Dynel' a  low  softening  and  embrittling  points.  Dacron  may 
be  laundered  without  special  precautions.  Thus,  Dacron  is 
preferred  for  this  reason  in  addition  to  its  better  resistance 
to  the  HgOg* 
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4.2.2.10 


Joint  Sealing  Compounds  The  results  of  physical  and  chemi¬ 
cal  teats  of  joint  sealing  compounds  with  90  v/o  hydrogen 
peroxide  are  summarized  in  lief.  4.23  and  Table  4.13.  Most 
comuerical  pipe  juint  scaling  compounds  v ere  found  to  be 
unsuitable  for  high-strength  hydrogen  peroxide  service.  In 
systems  for  concentrations  of  less  thou  52  v/o  llo0  ,  Aviation 

tm 

Grade  I’crmatcx  No.  3  and  equivalent  have  been  used  satisfac¬ 
torily.  There  are  tvo  thread  compounds  that  have  shown  good 
service  in  52  througn  99  v/o  llo0(>  systems.  These  c  -e  T  Film, 
a  Teflon  water-dispersion  paste  for  small  pipe  threads  and 
Teflon  tape  for  J./4-  through  4-inch-size  pipe  thread.  Fluori- 
uated  hydrocarbon-based  materials  react  violently  with  hot 
powdered  aluminum.  Therefore,  these  compounds  must  not  be 
used  on  hot  aluminum  threads  and  must  never  be  used  an  a 
thread  cutting  lubricant. 

Applications  of  even  the  approved  joint  sealing  compounds 
to  threads  fur  an  11^0^  flow  system  must  be  made  so  that  no 
compound  will  enter  the  system.  The  compound  should  be  used 
sparingly,  only  on  the  male  part  and  not  on  the  first  two 
threads.  Thus,  the  surplus  amount  will  press  out  of  the 
threads,  not  into  the  system.  Pipe  threads  should  be  avoided 
in  1^2  flanges  and  37-degrce  flare  connections  are 

recommeudcd. 


4.2.2.11  Temperature  h.fects.  The  effect  of  high  temperatures,  in 

the  212  to  270  F  region,  on  materials  compatibility  with 
9«  v/o  Il^O^  shown  in  Table  4.19-  This  effect  is  of  par¬ 
ticular  interest  in  selection  of  materials  for  use  in 
regeneratively  cooled  thrust  chambers  (Ref.  4.29). 

The  effect  of  high-temperature  storage  conditions  ( 15 1  F)  on 
materials  compatibilities  with  is  shown  in  Tables  4.21, 

4.22,  and  4.24  through  4.30.  The  appropriate  references  to 
this  work  are  given  in  each  of  the  corresponding  tables. 
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4.2.2.12 


Evaluation  of  iassivation  or  Surface  Preparation  Techniques. 
Laboratory  tests  (Ref.  4.13)  have  been  conducted  to:  (l) 
determine  the  effectiveness  of  selected  passivation  methods 
upon  321  stainless  steel,  6061-T6  aluminum  (bare  and  anodized), 
and  Silastic  9711,  (2)  determine  the  influence  of  cyclic  ex¬ 
posure  of  passivated  surfaces  to  hydrogen  peroxide;  and  (3) 
investigate  the  effects  of  various  storage  conditions  upon 
passivity  of  materials  used  in  hydrogen  peroxide  service. 

The  passivation  methods  employed  in  these  studies  are  given 
in  the  following  references: 

CVA-10-62a  (Ref.  4.34) 

NAA  LA  0110-003  (Ref.  4.35) 

Walter  Kidde  52000?  (Ref.  4.36) 

FMC  Bulletin  104  (Ref.  4.25) 

McDonnell  A/C  13002  (Ref.  4.37) 

LTV  308  -  20-3  (Ref.  4.38) 

CVA  10-64a  (Ref.  4.39) 

The  results  of  these  tests  are  given  in  Tables  4.21,  4.24, 
and  4.27. 

The  preferred  passivation  method  for  321  stainless  steel  was 
found  to  be  CVA  10-o2a  with  posttreatment  with  35  w/o  com¬ 
mercial  hydrogen  peroxide.  For  6061-T6  aluminum  (bare  and 
anodized),  the  best  passivation  technique  was  according  to 
North  American  Aviation  Specification  LA-0110-003.  All 
passivation  methods  investigated  were  found  to  give  about 
the  same  results  with  Silastic  9711.  The  ease  in  passiva¬ 
tion  of  all  materials  was  found  to  improve  with  each  exposure 
to  concentrated  hydrogen  peroxide.  Environmental  exposure 
tests  revealed  that  321  stainless  steel  can  be  stored  best 
in  clean  air  with  relative  humidities  up  to  100  percent; 
anodized  606I-T6  aluminum  remains  more  passive  in  a  dry 
nitrogen  atmosphere.  Silastic  9711  appears  to  retain  its 
passivation  best  in  a  relative  humidity  of  100  percent. 
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The  loss  of  oxygen  in  90  w/o  13^0  solutions  in  contact  with 
316l  and  321  annealed  stainless-steel  tubing  for  3,  5,  7,  and 
10  days  at  a  constant  temperature  of  110  F  vas  determined  as 
a  function  of  two  different  passivation  techniques.  One-half 
of  the  tubing  specimens  vas  passivated  by  CVA  Specification 
10-62a  with  a  posttreatment  of  35  v/o  hydrogen  peroxide  in¬ 
hibited  with  a  0.03-percent  H^PO^  solution;  the  other  half 
was  passivated  by  Walter  Kidde  Co.  Specification  No;  520007. 
The  stability  of  the  HgO^  solution  vaB  also  determined  after 
each  test.  In  general,  321  stainless  steel  produced  less 
hydrogen  peroxide  decomposition  than  the  316L  material.  The 
best  passivation  method,  as  indicated  by  the  A0L  results  for 
both  the  316L  and  the  321  stainless,  was  found  to  be  CVA 
Specification  10-62a  plus  posttreatment  (Ref.  4,18).  These 
data  are  summarized  in  Tables  4.23  and  4.24. 

In  another  study  (Ref.  4.9),  the  effect  of  surface  treatment 
on  the  compatibility  of  various  materials  was  determined  and 
expressed  in  heterogeneous  reaction  rates  (k^) ,  as  shown  in 
Tables  4.31  and  4.31a. 


4.2.2.13  Effect  of  Surface  Finish.  The  effect  of  surface  finish  on 

materials  compatibility  with  H2°2’  8un,aarize,i  *n  4.14, 

is  shown  in  Tables  4.21  through  4.25.  Five  different  sur¬ 
face  finishes  applied  to  304  stainless  steel  and  aluminum 
alloy  6061-T6  (both  bare  and  anodized)  were  «*v*iluated  in 
contact  with  90  w/o  hydrogen  peroxide  to  determine  the  in¬ 
fluence  of  surface  finish  on  the  stability  of  the  peroxide. 
The  stainless-steel  specimens  were  passivated  according  to 
CVA  Specification  10-62a  with  posttreatment  in  35  w/o  in¬ 
hibited  (0.03  percent  H^PO^)  hydrogen  peroxide.  The  aluminum 
specimens  were  passivated  according  to  North  American  Speci¬ 
fication  LA  0110-003.  Although  inconsistent  correlations 
were  obtained  between  the  surface  finish  and  A0L  with  the 
304  stainless  steel  and  the  bare  606l~T6  aluminum  specimens, 
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the  active  oxygen  lots  resulting  from  the  anodizod  aluminum 
in  contact  with  the  hydrogen  peroxide  indicated  an  increase 
in  AOL  values  with  surface  roughness.  (Surface  roughness 
may  simply  be  considered  as  a  surface  area  factor;  the 
rougher  the  surface  the  higher  the  actual  surface  area  com¬ 
pared  to  the  apparent  surface  obtained  through  measurements 
of  the  linear  dimensions  of  the  sanple.) 

This  investigation  has  strongly  indicated  (Ref.  4.14)  that 
the  Industry  Standard  AOL  test  is  not  an  adequate  tool  for 
highly  selective  screening  of  materials  for  hydrogen  peroxide 
service.  The  AOL  test  is  considered  insufficiently  sensitive 
to  the  detection  (with  any  degree  of  accuracy)  of  the  cata¬ 
lytic  decomposition  influence  exhibited  by  small  variations 
in  surface  roughness  or  materials  in  contact  with  concen¬ 
trated  hydrogen  peroxide. 


4.2.2.14  Effects  of  Dissimilar  Metals.  The  results  of  an  experimental 

investigation  of  dissimilar  metal  couples  compatibility  in 
**2°2  4.11)  are  shown  in  Table  4.50.  In  this  study, 

the  decomposition  rate  of  90  w/o  hydrogen  peroxide  was  meas¬ 
ured  with  the  following  couples:  1060  A1  +  6061-T6  A1 ; 
606l-T6  A1  +  321  stainless  steel;  6061-T6  A1  +  3l6L  stainless 
steel;  321  stainless  steel  +  316L  stainless  steel.  The  AOL 
and  HgOg  stability  was  determined  during  an  exposure  of 
10  days  at  110  F  and  7  days  at  15?  F.  The  tests  at  110  F 
revealed  no  significant  influence  of  the  dissimilar  metal 
upon  the  hydrogen  peroxide;  however,  the  151  F  test  revealed 
that  the  catalytic  decomposition  of  the  hydrogen  peroxide 
was  greater  for  the  dissimilar  metal  couples  than  for  cither 
of  the  single-metal  alloys. 
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MATERIALS  TREATMENT  AND  PASSIVATION 


General 


All  material  surfaces  that  cone  in  contact  with  propellant- 
grad  <  hydrogen  peroxide  must  be  specially  cleaned  and  treated 
prior  to  their  use  to  minimize  hydrogen  peroxide  decomposition 
and  material  corrosion.  The  general  terminology  applied  to 
this  process,  which  is  designed  to  provide  an  inactive  sur¬ 
face  and  eliminate  potential  contamination  sites,  is  passi¬ 
vation.  This  section  provides  a  detailed  outline  of  the 
passivation  procedures  normally  used  for  materials  in  hydrogen 
peroxide  service. 


The  passivation  procedure  essentially  consists  of  three  pri¬ 
mary  steps  prior  to  the  material  contact  with  propellant- 
grade  hydrogen  peroxide.  The  initial  step  is  a  chemical  and 
physical  cleaning  procedure  designed  to  remove  oxides,  scale, 
dirt,  weld  (and  heat  treat)  slag,  oil,  grease,  and  o~ther 
foreign  material  from  the  base  material.  The  second  step 
is  usually  the  treatment  ("basic  passivation")  of  the  mate¬ 
rial  with  an  alkaline  or  acid  solution  to  fora  a  film 


(probably  a  complex  oxide)  on  the  surface  to  minimize  chem¬ 
ical  or  catalytic  activity  between  the  surface  and  propellant. 
Finally,  the  material  is  subjected  to  propellant  conditioning 
to  check  the  completeness  of  the  chemical  treatment  and  to 
eliminate,  through  further  oxidation  and  chemical  complexing, 
all  remaining  active  sites.  Normally,  propellant  conditioning 
is  conducted  in  35  v/o  HgO^,  although  many  organizations  pre¬ 
fer  additional  propellant  conditioning  of  materials  at  the 
conditions  (HgO^  concentration  and  temperature)  that  will  be 
experienced  in  final  application  of  the  material. 


The  material  surfaces  should  be  subjected  to  passivation 
after  part  fabrication  and  before  component  or  system  assembly. 


Basically,  items  such  as  valves,  pumps,  Actuators,  system 
piping,  etc.,  cannot  be  cleaned  properly  in  the  assembled 
state,  because  the  solvent,  cleaning  solution,  residual  con¬ 
tamination,  etc.,  suy  be  trapped  in  inaccessible  areas.  The 
cleaning  should  be  conducted  immediately  before  component  or 
system  assembly,  unless  provisions  are  made  for  packaging  the 
passivated  part  to  protect  against  re-contamination  until 
ready  for  assembly.  After  assembly,  components,  such  as 
valves,  should  be  packaged  until  they  arc  utilized  in  the 
final  system  assembly.  It  is  also  standard  procedure  to 
check  all  passivated  items  with  propulsion-grade  hydrogen 
peroxide  prior  to  assembly  in  the  system. 

All  cleaning,  passivating,  and  rinse  solutions  should  be 
applied  by  immersing,  spraying,  wiping,  circulating,  or  other 
manner  so  that  all  surfaces  to  be  cleaned  will  be  completely 
wetted  and  flushed  with  the  solutions.  Any  section  of  the 
item  to  be  cleaned  that  can  trap  or  retain  any  liquid  should 
be  drained  or  emptied  between  the  applications  of  each  dif¬ 
ferent  solution  or  chemical  mixture.  The  item  should  be 
rinsed  until  it  is  chemically  neutral  between  each  operation. 
Surfaces  should  not  ue  allowed  to  dry  off  between  the  clean¬ 
ing  and  the  "basic  passivation"  steps.  The  water  grade  used, 
depending  upon  the  passivation  stage,  should  be  distilled, 
deionized,  or  potable  tap  water  (which  has  been  filtered 
through  a  40-micron  nominal  filter).  Unless  otherwise  spe¬ 
cified,  all  chemicals  should  be  C.P.  (chemically  pure)  grade 
or  better. 


4.J.2  Passivation  Facilities 


The  passivation  of  materials  for  hydrogen  peroxide  service 
should  be  conducted  in  an  area  designed  only  for  that  pur¬ 
pose.  The  area  must  be  kept  clean  and  free  of  combustible 
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material .  Equipment  tu  be  used  in  the  passivation  procedures 
should  be  large  enough  to  accommodate  all  items  to  be  placed 
in  the  intended  system  and  provide  a  method  of  complete  wet¬ 
ting  (with  all  solutions)  of  the  surfaces  requiring  passiva¬ 
tion  . 

Procedures  for  handling  hydrogen  peroxide  and  the  various 
passivation  solutions  should  be  well  established  and  observed. 
Some  of  the  more  important  requirements  are  discussed  in  the 
following  paragraphs. 


4.3-2. 1  Personnel  Education.  All  personnel  operating  in  the  area 

should  be  well  informed  of  all  operating  procedures,  poten¬ 
tial  hazards,  safety  precautions,  proceaures,  etc.  (see 
Section  6,0) . 

4. 3. 2. 2  Area  Cleanliness.  The  area  must  be  protected  from  dust  and 

dirt  tc  prevent  contamination  of  the  cleaned  parts.  Although 
a  clean  room  atmosphere  is  not  essential,  it  is  recommended, 
particularly,  for  passivation  of  flight  hardware. 


4. 3- 2. 3  Drainage .  An  adequate  water  supply  and  drain  must  be  avail¬ 

able  for  flushing  away  spilled  acid  and  hydrogen  peroxide. 
All  spillage  or  dump  of  chemicals  must  be  heavily  diluted 
before  passage  into  a  drainage  system;  protected  open  trough 
drainage  is  reconaaended . 


4. 3-2. 4  Safety  Showers.  An  adequate  number  of  deluge  safety  showers 

must  be  provided  for  area  personnel.  The  locations  of  these 
showers  should  be  such  that  they  can  be  reached  within  a  few 
steps  from  any  location. 
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4. 3. 2. 5  Eye  Wash  Fountains.  An  adequate  n limber  of  eye  wash  fountains 
should  be  provided  in  easily  accessible  locations. 

4. 3.2. 6  Venti lation .  Adequate  ventilation  oust  be  provided  to  main¬ 
tain  a  minimum  concentration  of  solvent  and  acid  fumes.  Hoods 
with  suction  fans  should  be  installed  and  used  wherever  possible. 

4. 3. 2. 7  Warning  Signs.  Safety  and  warning  signs  should  be  placed 
where  they  can  be  seen  and  should  be  appropriate  to  the  haz¬ 
ards  created  by  the  cleaning,  passivating,  and  hydrogen 
peroxide  solutions. 

4. 3. 2. 8  Personnel  Protection.  Personnel,  when  handling  the  various 
passivating  solutions,  should  be  dressed  in  suitable  protec¬ 
tive  clothing.  The  minimum  garb  should  consist  of  a  face 
shield  or  goggles,  rubber  (acid-resistant)  gloves,  rubbers, 
and  an  aprou.  (For  additional  information,  see  Section  6.0). 

4. 3. 2. 9  Minor  Equipment.  Various-sized  polyethylene  beakers  should 
be  provided  for  the  treatment  of  small  p*rts.  These  beakers 
are  resistant  to  all  reagents  normally  recoonended  and  used 
in  the  passivation  procedures.  Although  glass  beakers  can 
be  substituted  for  the  polyethylene  beakers  in  the  use  of 
all  but  hydrofluoric-nitric  acid  solution,  their  easy  break¬ 
age  can  result  in  a  greater  hazard.  The  polyethylene  beakers 
should  not  be  used  for  conditioning  or  surveillance  tests 
vith  HgOg. 

4.3.3  Cleaning  and  Passivation  Solutions 

Generally,  the  chemical  solutions  required  in  the  passivation 
procedure  may  be  prepared  as  described  in  the  following  para¬ 
graphs. 
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4. 3.3.1  Detergent  Solutions.  A  1  v/o  solutiou  of  a  powdered  com- 
merical  detergent  auck  as  Draft,  Nacoual,  Tide,  All,  Swerl, 
etc.,  in  potable  water  is  normally  used  for  cleaning  mater¬ 
ials  and  glassware.  Liquid  detergent  (of  the  some  npproxi- 
mate  concentration)  or  a  mild  solution  (5  to  7  ounces/gnl ) 
of  a  commercial  alkaline  cleaner  such  as  Turco  No.  4090 
(or  its  equivalent)  may  also  be  used;  however,  it  Bhould  be 
noted  that  a  strongly  alkaline  cleaning  solution  must  be 
avoided.  The  container  for  the  detergent  solution  should  be 
rust-resistaut  and  covered  to  minimize  dirt  pickup.  Since 
most  procedures  recommend  the  use  of  hot  detergent  solution, 
provisions  should  be  made  for  heating  the  detergent  container 
to  140  to  160  F. 


4. 3- 3. 2  Degreasing  Solvents.  Commercial -grade  trichloroethylene, 

perchloroetliylenc,  or  a  coanercial  solvent  such  as  Vorsol  or 
Sunoco  cleaner  are  used  for  degreasing  metals  which  are 
heavily  soiled  or  very  greasy.  Alternate  degreasing  may  be 
performed  in  a  vapor  degreaser  using  trichloroethylene  (which 
meets  the  Mil-T-7003  specification)  or  an  equivalent  grade 
of  one  of  the  above  solvents;  however,  it  should  be  noted 
that  the  working  temperate  re  of  the  vapor  degreaser  must  be 
higher  than  the  boiling  point  of  the  selected  solvent.  The 
solvent  should  be  stored  in  a  covered  galvanized  iron,  black 
iron,  steel,  or  other  suitable  container.  Care  should  be 
taken  to  prevent  entry  of  water  into  the  chlorinated  solvents 
contained  in  the  mild  steel  containers  because  the  resulting 
conversion  to  acids  will  cause  corrosion  of  the  metal  and 
subsequent  contamination  of  the  material  during  passivation. 


4. 3. 3. 3  Sodium  Hydroxide  (NaOH)  Solution.  Approximately  l/l5  N.  A 
mild  (0.23  w/o)  NaOH  solution  can  be  used  as  an  alternate 
method  for  cleaning  heavily  soiled  aluminum  equipment.  A 
supply  of  this  solution,  which  should  bs  available  at  all 
times,  can  be  stored  in  a  stainless-steel  drum  or  polyethylene 
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container  which  has  been  previously  washed  with  a  detergent 
solution  and  rinsed  with  clean  potable  water. 


4. 3. 3. 4 


Bodiuj  Hydroxide  (NaOH)  Solution.  10  w/o.  A  10  w/o  solution 
of  NaOU  solution  is  used  for  cleaning  glassware  which  is 
heavily  soiled  or  has  contained  an  unknown  solutiou. 


4. 3. 3. 5  Sulfuric  Acid  (iI^SO^)  Solution,  33  w/o.  A  solutiou  of  H,,S0^ 

is  used  primarily  for  passivating  glassware.  The  solution 
can  be  stored  in  a  polyethy lene-lined  container  or  the  glass 
carboys  in  which  it  is  received.  A  lid  must  be  provided  if 
stored  outdoors.  Heated  storage  may  be  necessary  depending 
upon  the  concentration  of  the  acid  aud  the  winter  tempera¬ 
ture  of  the  locality  where  stored. 

4. 3- 3-6  Nitric  Acid  (HN0^)f  42  degrees  Bourne*.  A  nitric  acid  of  42 

degrees  Baumc*  (~70  w/o  HNO^)  is  recomnended  by  FHJ  (lief. 
4.25)  for  passivating  stainless-steel  equipment.  It  should 
always  be  readily  available  and  stored  in  the  containers  in 
which  it  is  received. 


4.3. 3-7  Nitric  Acid  (HN0^)f  45  w/o.  A  45  w/o  HNO^  solution  is  pre¬ 

ferred  by  most  organizations  for  the  "basic  passivation" 
step  for  aluminum  and  stainless-steel  parts.  The  acid  is 
normally  stored  in  a  polyethylene-lined  or  AISI  300  series 
stainless-steel  container.  A  lid  uiust  be  provided  to  keep 
out  dirt  and  confine  the  acid  fumes. 


4. 3. 3.8  Nitric  Acid  (HNO^)  33  w/o.  A  dilute  HNQ^  solution  of  35 

w/o  is  recouuieuded  by  FMC  (Ref.  4.25)  for  passivating  aluminum 
equipment.  This  acid  is  stored  as  above  (Section  4. 3-3. 7). 
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*.5.3.9 


Hydrofluoric  Acid  (iffO-Nltric  Acid  (HNO^)  Mixture,  3  w/o- 
10  v/o.  A  3  v/o  HF-10  v/o  HNU^  solution  is  used  for  pick¬ 
ling  and  cleaning  stainless  steel  vtien  rust  or  other  surfoce 
contamination  exists  which  cannot  be  removed  by  the  nitric 
acid  solution.  A  polyethy leue-  lined  container,  with  a  lid 
to  keep  out  dirt  and  coufine  the  acid  fumes,  should  be  used 
for  storage. 


4.3.3.10  Hydrofluoric  Acid  (lIF)-Nitric  Acid  (llNO^)  Mixture,  1  w/o- 
*10  w/o. Uuauodized  aluminum  and  aluminum  alloy  components 
that  are  excessively  dirty  or  contain  oxide  film  from  weld¬ 
ing,  heat  treating,  etc.,  may  be  treated  with  a  1  w/o  HF-10 
v/o  HNO^  solution.  This  solution  should  be  stored  in  the 
same  manner  as  the  solution  discussed  in  Section  4. 3- 3. 9. 

4.3.3.11  Clean  Potable  Water.  Drinking  water,  after  filtration 
through  a  40-micron  nominal  filter,  is  used  for  riusiug 
parts  during  the  initial  stages  of  passivation. 

4.3.3. IP.  Fresh  Distilled  or  Deionized  Water.  Distilled  or  deionized 

water,  which  is  used  for  riusiug  parts  after  passivation, 
should  have  a  maximum  specific  conductivity  of  10  ^  mhos/cm. 
This  water  should  not  be  stored  in  aluminum  for  periods 
longer  than  1  week  prior  to  or  during  use.  Storage  of  dis¬ 
tilled  or  deionized  water  in  an  aluminum  HO^  storage  tank 
for  any  length  of  time  results  in  slime  formation  which  may 
lender  the  tank  unsuitable  for  H^O,,.  ^l®  storage  and 

handling  of  potable  water,  distilled  water,  or  deiouized 
water,  the  potential  coutamiuatiou  by  tanks,  valves,  lines, 
etc.,  should  be  considered  (i.e.,  the  use  of  copper  in  the 
system  should  be  avoided).  Storage  time  of  deionized  or 
distilled  water  should  be  minimized,  preferably  less  than 
1  week.  Distilled  water  should  be  used  for  the  preparation 
of  deionized  water. 
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4.3.3.13 


Hydrogen  Peroxide  Solution.  35  w/o.  Although  •  stabilised 
33  v/o  hydrogen  peroxide  eolution  ie  available  (froai  varioue 
commercial  oianuf acturera)  for  the  initial  propellant-conditioning 
step,  many  uaera  utilize  33  v/o  H,0^  eolutioua  obtained  by  dilu¬ 
tion  ol  higher  concentre tiona .  However,  various  hydrogen  peroxide 
■anufacturera  recoomend  that  if  the  33  v/o  11^,0^  ia  obtained  by 
dilution  of  prupe liaut-gradc  U^O^  (with  no  or  minimum  atabi  Illa¬ 
tion),  a  atabi  lister  should  be  added  to  the  dilute  11,^0,,  aD<* 
of  the  aolutiou  adjusted  ao  that  residual  active  metal  sites  can 
be  deactivated  by  complcxiug  with  the  stabilizer  (recommendations 
of  the  hydrogen  peroxide  manufacturers  arc  encouruged  in  this 
area).  Hegardleaa  of  the  user's  preference  in  the  use  of  stabi¬ 
lizers,  any  dilution  of  H^O,,  must  be  conducted  with  distilled 
or  deionized  water  of  duitablc  quulity.  The  35  v/o  solution 
should  be  stored  in  an  aluminum  1000,  5052,  or  5254  container. 

The  storage  container  must  be  vented  at  all  times,  and  the 
vent  line  should  be  provided  with  a  suitable  filter  to  keep 
out  dust  or  dirt.  A  hydrogen  peroxide  shipping  drum  is  a 
conveuieut  container;  however,  once  removed,  the  hydrogen 
peroxide  must  not  be  returned  to  the  original  drum  or  con- 


ta ne r .  hydrogen  peroxide  from  a  satisfactory  activity  test 
may  be  reused,  if  economics  dictate. 


4.3.4 


Typical  Passivation  Technique 


Specific  passivation  procedures  that  are  being  or  have  been 
previously  used  by  various  organizations  involved  in  hydrogen 
peroxide  usage  are  contained  in  the  following  documents: 


Chonce-Vought  Aircraft* 
Chance-Vought  Aircraft* 
FMC 

LTV  Astronautics 
McDonnell  Aircraft 


Specification  CVA  10~G2u 
Specification  CVA  10-64a 
Bulletin  104  (lief.  4.25) 
Specification  LTV  308-20-3 
Specification  13002 


*M0T£;  CVA  specifications  were  obtained  from'  LTV  Astronautics 
(Eef.  4.34  and  4.39). 
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Specification  NAA  LA  01)0-00} 


Worth  American  Aviation, 
lac. 

Reaction  Notora  Division  Specification  SMI  7000 
Valter  ILiddc  Corps ny  Specification  520007 

There  are  nuaeroue  differencea  in  the  exact  technique*  and 
procedure*  uaed  by  various  organisations  for  the  passivation 
of  materials,  part*,  systems,  etc.,  for  hydrogen  peroxide 
service.  However,  for  the  most  part,  these  differencea  are 
insignificant  and  the  general  techniques  used  are  very  sim¬ 
ilar.  Although  various  storobility  and  compatibility  studies 
(see  Section  4.1  and  4.2)  have  indicated  the  greater  effec¬ 
tiveness  of  some  techniques  over  others,  it  is  believed  that 
no  one  technique  has  consistently  demonstrated  a  repeated 
superiority  . 

Thus,  in  developing  a  procedure  to  be  used  by  any  facility, 
the  general  or  typical  technique  described  below  can  be  used 
•s  a  starting  point.  More  specific  (in  detail)  procedures 
or  modifications  of  these  typical  procedures  may  be  developed 
and  preferred  with  the  acquisition  of  "passivatiou  experience"; 
however,  i,6e  typical  procedures  described  will  passivate  most 
compatible  materials.  The  solutions  called  out  in  the  pro¬ 
cedure  are  those  designated  in  Section  4. 3.3. 


4.1  Degreab  iui  and  Cleaning.  Excessively  greasy  metal  parts 

should  be  initially  degreased  either  by  cold  flushing  with 
a  solvent  for  30  minutes  (rspeut  with  clean  solvent  if  neces¬ 
sary),  or  through  the  use  of  a  solveut  vapor  degreaser  for 
at  ljast  10  minutes.  All  metal  parts  should  then  be  cleaned 
with  a  hot  (140  to  160  F)  commercial  detergent  solution  or 
a  mild  alkaline  commercial  cleaner.  (A  l/l 5  N  NaOH  solution 
has  been  used  for  oonanodixed  aluminum.)  Cleaning  can  be 
accomplished  by  agitation  of  the  part  in  the  cleauing  solu¬ 
tion,  scrubbing  with  a  stiff  nylon  brush,  and/or  pumping 
the  solution  through  (he  part  (as  in  the  case  of  tubing  and 
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piping).  The  metal  parts  should  then  be  rinsed  thoroughly 
in  warm  potable  water  to  remove  all  traces  of  the  cleaning 
compound . 

Nonmetallic  and  bonded  nonmetallic  parts  such  as  gaskets,  0- 
rings,  chevron  rings,  hoses,  etc.,  should  be  degreased  by 
immersion  or  scrubbing  at  140  to  160  F,  with  a  coaraercial 
detergent  or  a  mild  alkaline  cleaner,  followed  by  a  thorough 
rinsing  yith  warm  distilled  or  deionized  water.  Teflon, 
polyethylene,  Kei-F,  or  Viton,  except  when  bonded  to  metal, 
may  be  cleaned  with  a  solvent,  but  immersion  time  should  be 
limited  to  a  short  period  (~5  seconds).  Items  which  have 
solvent  or  water  remaining  on  their  surface  and  are  not  to 
be  chemically  cleaned  further,  will  be  dried  immediately  with 
clean  dry  nitrogen  gas  or  air. 

NOTE:  Following  the  degreasing  and  cleaning 
step,  the  cleaned  surfaces  of  the  parts  should 
be  handled  with  clean  gloves  or  tongs  only. 

Any  possible  means  of  rccontamination  of  the 
part  should  be  avoided  from  this  point. 


Descaling.  Newly  fabricated  or  reworked  metal  parts,  which 
have  scale  from  welding,  or  heat  treatment,  or  impurities 
from  casting  or  forging,  should  be  descaled  ("pickled")* 
Descaling  solutions  should  not  be  used  after  finish-machining 
of  precision  surfaces  without  protection,  or  on  parts  that 
do  not  have  heavy  oxide  or  foreign  material  buildups  in  the 
form  of  rust  or  scale.  The  contact  time  of  the  descaling 
solution  with  the  item  to  be  cleaned  should  be  the  minimum 
tine  necessary  to  clean  the  part  or  the  maximum  allowable 
time  per  thiB  section,  whichever  is  shorter.  Only  plastic- 
coated  or  nonmetallic  gaskets  should  be  used  with  nitric- 
hydrofluoric  descaling  baths  to  prevent  excessive  metal 
less  caused  by  electrolytic  corrosion. 


4. 3. 4. 2.1 


Stainless  Steel.  Stainless-steel  parts  should  be 
etched  for  a  minimum  period,  and  not  longer  than  60  minutes, 
at  room  temperature  (60  to  80  F)  with  a  mixture  of  3  v/o 
technical-grade  hydrofluoric  acid,  10  w/o  technical-grade 
nitric  acid,  and  the  remainder  water. 


CAUTION:  A  close  visual  check  should  be  main¬ 
tained  during  descaling  operations  with  the 
HF-IINO3  mixture  to  prevent,  material  pitting 
or  excessive  etching.  After  descaling,  the 
part  should  be  thoroughly  rinsed  with  potable 
water  to  remove  all  traces  of  descaling  solu¬ 
tions.  Loosely  adhering  smut  or  flux  may  be 
removed  by  spraying  with  water  or  scrubbing 
with  a  stainless  steel  or  hemp  brush.  If  the 
parts  are  to  be  passivated  immediately  after 
acid  cleaning,  they  need  not  be  dried.  The 
parts  may  be  dried  completely  by  purging  with 
dry,  hydrocarbon-free  nitrogen  or  air,  or  in 
an  oven  at  140  to  150  F.  The  AISI  400  series, 
303S,  303SE,  and  AM  355  stainless  steels  will 
be  descaled  by  mechanical  methods  such  as 
machining,  abrasive  tumbling,  or  grit  blasting. 


4. 3. 4. 2. 2  Aluminum  and  Aluminum  Alloys.  Nonanodized  aluminum  and 

aluminum  alloy  parts  may  be  descaled  by  immersion  in  a  1  w/o 
HF-10  w/o  IINO^  solution  for  30  seconds  to  5  minutes  at  115  F 
maximum. 


CAUTION:  A  close  visual  check  should  be  main¬ 
tained  during  descaling  operations  with  the 
HF-HNO3  mixture  to  prevent  material  pitting 
or  excessive  etching.  After  descaling,  the 
part  should  be  thoroughly  rinsed  with  potable 
water  to  remove  all  traces  of  the  acid  solu¬ 
tion.  It  should  be  noted  that  a  35  w/o  H2SO4 
solution  at  ~115  F  can  also  be  used  as  an 
alternate  "pickling"  solution  for  aluminum 
and  aluminum  alloys. 
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4. 3.4. 3  "flaaic  Pasaiyation.  "  lamed i ate ly  following  the  cleaning 
(or  descaling)  operation,  the  metal  parts  should  be  sub¬ 
jected  to  ine  "basic  passivation"  step.  Although  this  step 
is  always  accomplished  with  HNO^  solutions,  the  concentra¬ 
tions  used  by  different  organizations  vary.  The  following 
procedures  are  those  preferred  by  the  majority.  It  should 
bt.  noted  that  plastic  and  synthetic  rubbers  should  not  be 
subjected  to  this  step  in  the  passivation  procedure. 

4. 3.4. 3.1  Stainless  Steel.  Stainless-steel  parts  should  be  im¬ 

mersed  in  a  solution  of  45  v/o  HNO^  at  60  to  80  F,  for  a 
minimum  period  of  30  minutes.  FMC  (Ref.  4.25)  recommends  the 
use  of  70  w/o  HNO^  for  a  period  of  4  to  5  hours  as  the 
atainless-ateel  passivation  step.  The  parts  should  then  be 
rinsed  and  flushed  thoroughly  with  deionized  or  distilled 
water  to  remove  all  traces  of  the  passivating  solution. 

Unless  the  part  is  immediately  placed  in  the  propellant-con¬ 
ditioning  solution,  it  should  be  drained  and  dried  by  purg¬ 
ing  with  dry,  filtered,  hydrocarbon-free  nitrogen  or  air, 
or  dried  in  a  dust— free  oven  at  140  to  150  F;  the  part,  shoul  1 
then  be  protected  from  recontamination  by  sealing  in  a  sealed 
clean  plastic  bag. 

The  nitric  acid  passivation  solution  should  be  used  for  the 
AISI  300  and  400  aeries  stainless  steel.  The  protective  film 
resulting  from  this  passivation  process  will  not  normally  be 
visible,  but  surfaces  will  be  uniform  in  appearance,  free 
from  scale,  corrosion,  pitting,  and  contaminants.  Normal 
discoloration  from  welding  will  be  permitted,  provided  no 
scale  or  rust  is  associated  with  the  discoloration. 

Some  organizations  recommend  electropolishing  of  stainless- 
steel  parts  (except  for  AN  35?)  by  the  best  available  com¬ 
mercial  practice  as  an  alternate  method  for  etainlesa-steel 
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passivation.  Following  electropolishing,  the  material  should 
be  cleaned  with  detergent  (Section  4. 3.4.1)  rinsed  thoroughly 
with  deionized  or  distilled  water,  and  dried  in  an  oven. 


4. 3-4. 3.2  Aluminum  and  Aluminum  Alloys.  Aluminum  and  aluminum 

alloy  materials  are  usually  passivated  with  a  solution  of 
45  v/o  HNO^  at  room  temperature  for  a  period  of  1  hour;  how¬ 
ever,  FMC  (Ref.  4.25)  recommends  the  use  of  35  v/o  HNO^  as 
the  passivation  acid.  The  materials  should  be  rinsed  and 
flushed  with  water  to  remove  all  traces  of  nitric  acid,  and 
unless  immediately  conditioned  with  the  propellant,  the  ma¬ 
terials  should  be  drained  and  dried  by  purging  with  dry, 
filtered,  hydrocarbon-free  nitrogen  or  air,  or  dried  in  a 
clean  oven  at  140  to  I50  F.  Machined  aluminum  barstock  parts 
do  not  normally  require  descaling  or  passivating  processes 
and  can  be  prepared  for  service  by  degreasing  and  thoroughly 
rinsing.  Welded,  cast,  or  corroded  parts  will  require  de¬ 
scaling,  cleaning,  and  passivating.  Anodized  aluminum  parts 
will  cot  be  descaled  or  passivated  and  should  be  prepared 
for  service  by  degreasing  and  thorough  rinsing. 


4, 3.4.4  Propellant  Conditioning.  Following  cleaning  and  acid  treat¬ 

ment  steps,  metallic  materials  should  be  propellant  condi¬ 
tioned  to  check  passivation  ("activity  testing")  and  passi¬ 
vate  further  potentially  active  sites  in  the  materials. 

The  nonmetallic  materials  are  propellant  conditioned  follow¬ 
ing  the  cleaning  step.  Normally,  most  procedures  recommend 
initial  propellant  conditioning  with  30  to  35  v/o  (8ee 

Section  4.3.3. 13).  Following  this  conditioning,  most  proce¬ 
dures  call  for  conditioning  with  hydrogen  peroxide  of  the 
grade  with  which  the  material  will  eventually  be  applied. 
Propellant  conditioning,  which  should  be  conducted  for  a 
minimum  period  of  3  to  6  hours,  is  conducted  on  both  the 
unassembled  parte  and  co^tonenis  and  the  assembled  systems. 
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4. 3. 4. 4.1  Material*.  Parts,  and  Components.  Before  the  initial 

activity  teste  are  conducted,  components  such  as  valves, 
pumps,  etc.,  should  be  assembled  (care  must  be  taken  to 
avoid  contamination  during  assembly).  The  passivated  sur¬ 
faces  should  be  exposed  to  the  selected  HgOg  solutions  by 
either  iusersion  of  the  part  or  by  filling  the  composite 
assemblies  (components)  with  the  HgOg.  ^ow  °PMn^n8B  *n  the 
composite  assembly  may  be  closed  with  passivated  plugs  of 
the  same  material  or  polyethylene-covered  rubber  stoppers; 
however,  there  must  be  a  vent  to  allow  escape  of  gases  from 
the  assemblies.  During  the  tests  of  the  composite  assemblies, 
all  sliding  surfaces  must  be  completely  wetted  (through 
valve  actuation,  etc.)  by  the 

Acceptance  of  passivation  is  contingent  upon  no  reaction  of 
the  material  with  the  hydrogen  perioxide  (as  evidenced  by 
the  lack  of  gas  bubbles  evolving  from  the  HgO,,).  If,  at  the 
end  of  the  exposure  period,  the  gas  bubble  rate  is  very  min¬ 
imal,  the  unexposed  surfaces  of  the  materials  are  cool  to 
the  touch,  and  the  gas  bubbles  are  not  confined  to  a  partic¬ 
ular  location,  the  material  or  part  is  considered  acceptable. 

If  rapid  bubbling,  clouding  of  solution,  or  a  local  hot 
spot  is  observed  during  the  test,  the  solution  should  be 
discarded  and  the  active  part  repassivated  in  accordance 
with  Sections  4. 3-4.1  and  4. 3-4. 3.  If  it  is  practical,  the 
active  area  should  be  marked  for  future  observation.  A  com¬ 
ponent  or  part  should  be  rejected  if  it  fails  three  consecu¬ 
tive  passivation  tests.  If  a  part  shows  only  marginal  un¬ 
acceptable  reaction,  it  should  be  removed  from  the  HgO^ 
solution,  rinsed  several  times  with  distilled  or  deionized 
water,  and  reconditioned  with  fresh  HgO^  solution;  the  part 
should  then  be  repassivated  if  it  continues  to  demonstrate 
marginal  unacceptability.  Parts  which  cause  discoloration 
of  the  HgOg  solution  will  be  reimmersed  in  fresh  HgOg  solu¬ 
tions;  if  discoloration  continues,  the  part  should  be  re¬ 
jected  and  the  discolorel  £1,0 0  solution  disposed  of  immediately. 
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Any  part  which  shows  blackening,  rust  streaks,  or  signs  of 
excessive  corrosion  should  he  rejected. 


After  the  materials,  parts,  and/or  assemblies  have  passed 
all  activity  checks  in  the  selected  solutions,  they 

should  be  rinsed  thoroughly  in  distilled  or  deionized  water 
and  dried  with  clean  dry  air  or  nitrogen.  Heat  may  be  used 
to  dry  if  the  plastic  materials  are  maintained  below  120  F 
and  the  metals  below  150  F.  All  parts  must  be  handled  with 
clean  tongs  and/or  clean  neoprene-gloved  hands  to  prevent 
recontamination.  After  drying,  the  materials  should  be 
assembled  in  the  final  system  or  packaged  according  to 
Section  4.3.7* 


4. 3. 4. 4. 2  System  Assembly.  After  complete  assembly  of  a  handling 

installation,  storage  facility,  or  any  other  hydrogen  per¬ 
oxide  system  from  compatible  and  passivated  materials  (that 
have  undergone  preliminary  activity  checks),  the  system  should 
be  conditioned  as  a  whole.  The  entire  system  assembly  should 
be  filled  with  30  to  35  w/o  HgOg  (see  Section  4.3.3.13)  and 
activity  checks  conducted.  Again,  it  is  noted  that  the  sys¬ 
tem  should  be  vented  and  all  valves  and  sliding  surfaces 
should  be  operated  to  wet  all  surfaces  with  H2®2‘  te8*' 

should  be  conducted  for  a  period  of  4  hours  unless  a  local 
heated  area  or  excessive  gas  evolution  indicates  the  test 
should  be  terminated.  The  observations  and  conclusions  in 
the  assembled  system  tests  are  identical  to  those  of  the 
materials,  parts,  and  components  conditioning  (Section 
4. 3. 4. 4.1)  with  one  exception;  most  organizations  advocate 
an  activity  check  of  the  system  using  a  laboratory-type 
"wet  test  meter"  to  measure  the  actual  gas  rate. 


After  successful  preliminary  testing  of  the  system  with 
30  to  35  w/o  astern  should  be  condi¬ 

tioned  with  HLOj,  solutions  of  the  grade  it  will  eventually 
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utilize.  Following  this  passivation,  the  system  is  con¬ 
sidered  ready  for  hydrogen  perioxide  service.  All  such 
passivated  systeiss  should  be  protected  against  further  con¬ 
tamination  with  dust  caps.  In  addition,  the  system  should 
be  continuously  surveyed  during  use  for  evidence  of  exces¬ 
sive  decomposition. 


4.3.5  Glassware  Passivation 


Because  glassware  passivation  is  slightly  different  from 
that  associated  with  the  materials  commonly  used  in  hydrogen 
perioxide  system  fabrication  and  more  often  involves  a 
laboratory-type  operation,  the  technique  used  has  beeu  sep¬ 
arated  from  the  typical  passivation  sectijn.  The  procedure 
for  the  passivation  of  glassware,  which  includes  thermometers 
aud  hydrometers,  is  contained  in  the  following  paragraphs. 

Glassware  that  is  heavily  soiled  should  be  immersed  in  a 
10  w/o  NaOH  solution  for  1  hour  at  room  temperature.  If  the 
glassware  is  relatively  clean,  a  commercial  detergent  should 
be  used  instead.  Following  this  cleaning,  the  glassware 
should  be  rinsed  thoroughly  in  clean  potable  water. 

Chemical  passivation  is  accomplished  by  imnersion  in  35  w/o 
HgSO^  for  at  least  1  hour  at  room  temperature.  After  the 
glass  is  thoroughly  rinsed  in  distilled  or  deionized  water, 
it  should  be  dried  with  clean  air  or  nitrogen,  or  in  an 
oven  at  230  F. 

The  passivated  glassware  can  be  stored  in  a  "ready-f or-use" 
condition  by  packaging  in  accordance  with  Section  4.3.7. 
Bottles,  flasks,  or  other  containers  can  be  stored  by  cover¬ 
ing  the  opening  tightly  with  aluminum  foil.  . 
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4.3.6 


PaKgivatioa  Aids 


So  that  material!  passivation  be  accomplished  with  minimum 
difficulty,  several  general  rules  should  always  be  observed, 
lbe  primary  rule  is,  of  course,  strict  adherence  to  clean¬ 
liness  thoughout  the  procedure.  Other  considerations,  prim¬ 
arily  associated  with  the  materials  treatment  prior  to  initia¬ 
tion  of  passivation  procedures,  are  noted  below. 

4.3.6. 1  Metal  Machining.  In  addition  to  the  selection  of  compatible 
metals,  the  effectiveness  of  future  passivation  of  these 
metals  for  hydrogen  peroxide  service  depends  upon  eliminating 
contamination  of  the  materials  with  incompatible  aiaterials 
during  machining.  Thus,  the  use  of  sine,  copper,  copper 
allots  (i.e.,  bronze  or  brass),  tin,  iron  (low  carbon,  non- 
stainless  types),  silver,  lead,  cadmium,  carbide,  sand,  etc., 
should  be  avoided  in  tooling  and  machining  operations. 

4.3.6. 2  Surface  Finish,  All  surfaces  which  contact  hydrogen  peroxide 
should  be  as  smooth  as  possible,  with  manufacturing  marks, 
identification  symbols,  and  irregularities  reduced  to  a  min¬ 
imum.  All  surfaces  contacting  hydrogen  peroxide  should  be 
free  of  cracks,  pits,  inclusions,  and  foreign  material. 
Whenever  practical,  sharp  corners  should  be  broken  and  a 
surface  finish  of  40  rms  (root  mean  square)  or  finer  achieved. 

4^3. 6. 3  Abrasives .  Abrasive  cleaning  methods  should  not  be  used  if 

a  suitable  chemical  method  is  available.  When  abrasives  are 
necessary,  only  gloss  beads,  aluminum  oxide  abrasives,  or 
stainless-steel  wire  brushes  should  be  used.  AM  355  should 
be  cleaned  only  by  mechanical  methods.  Acid  descaling  should 
be  avoided  if  possible. 
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4. 3. 0. 4  Anodized  Aluminum.  Aluminum  surfaces  which  contact  hydrogen 

peroxide  should  be  anodized.  Exceptions  are  surfaces  whose 
shape  makes  anodizing  impracticable  (i.e  ,  the  interior  of 
long  tubes).  Sulfuric  acid  anodizing  is  preferred  and  should 
be  used  where  that  process  is  available.  Sealing  of  sulfuric 
acid-anodized  surfaces  should  be  done  in  hot  water  (193  i 
10  F  for  30  minutes).  Deionized  water  is  preferred  for  scal¬ 
ing  although  top  water  may  be  used. 

4. 3. 6. 5  Rework.  All  fabrication  and  fitting  of  detail  parts  mid  com¬ 
ponents  should  be  completed  prior  to  passivation  treatment. 
Any  rework  on  passivated  areas  makes  ropasiivntion  mandatory. 

4. 3. 6. 6  Welded  Assemblies.  For  welded  assemblies,  each,  part  should 
be  cleaned  prior  to  welding.  Completed  weld  assemblies  aiuat 
be  passivated  prior  to  further  assembly. 


4, 3*6. 7  Pressure  Testing.  Pressure  testing  of  a  system  using  various 

test  fluids  or  replacement  of  a  component  in  any'  assembly 
will  automatically  make  it  mandntoiy  to  repeat  the  activity 
testing  procedure  for  that  assembly. 


4.3.7 


Handling  of  Passivated  Materials 


Items  that  have  been  cleaned  and  passivated  should  be  handled, 
stored,  or  packaged  in  a  manner  to  prevent  recontamination. 
Immediately  following  cleaning  and  passivation,  large  valves, 
piping  sections,  vessels,  flex  joints,  subassemblies,  and 
other  prefabricated  items  should  be  dried  and  have  ends  and 
openings  capped,  plugged,  or  flanged  and  sealed  with  clean 
compatible  sealing  material.  Small  valves  and  components 


should  be  purged  with  clean,  dry  gaseous  nitrogen  and  wrapped 
and  sealed  in  cleun  plastic  or  octal  foil  bags.  These  com¬ 
ponents  sitould  bo  kept  scaled  until  installation. 

4. 3. 7-1  Acceptable  Materials.  Small  items  should  be  scaled  in  clean 

preformed  out. elopes,  rolls,  or  sheets  of:  (l)  polyethylene 
film,  polyethylene-backed  paper,  polycthylcnc-backcd  cloth, 
or  polyethylene-backed  aluminum  foil,  (2)  vinyl  (Vinylite), 
(3)  Koroseal,  (4)  Saran,  or  (5)  Jfylnr,  Materials  for  short¬ 
term  storage  of  passivuted  items  can  also  include  aluminum 
foil  (or  aluminum-backed  cloth  or  paper)  and  cellophane. 


4.3.7.11 


Indefinite  Storage.  In  t lie  packaging  of  small  passivated 
items  for  long-term  storage,  the  items  should  be  dried  and 
packaged  as  soon  as  practicable  after  passivation  and  activity 
testing.  Any  opeuings  of  the  items  should  be  sealed  witli 
clean  new  polyethylene  or  aluminum  caps  (used  closures  will 
he  discarded  to  preveut  reuse).  The  materials  should  be 
enclosed  in  a  clean  envelope  and  sealed  to  stop  free  passage 
of  air.  This  envelope  should  then  be  wrapped  in  heavy  paper 
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4. 3. 7. 3  Identification.  The  passivated  parts  should  be  identified 

with  standard  markings  such  as  date,  part  number,  part  name, 
etc.,  but  in  addition,  a  tog  should  be  attached  which  notes 
the  equivalent  of  the  following: 

PASSIVATID  PART 

This  part  passivuted  for  use  with  v/o 
hydrogen  peroxide.  Activity  Test  OK 


NOTH:  If  a  part  is  contaminated  before 

packaging  or  if  n  package  containing  a  passi¬ 
vated  part  is  torn,  the  part  should  be  re¬ 
turned  to  proper  urea  for  passivation  or 
activity  test  os  needed. 
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FAC  I  LIT  i  US  AND  FQUIPWHT 


4.4 


4.4.1  Stcrnue  nnd  Handling  Facilities 

A  facility  for  the  storage  and  handling  of  hydiogen  peroxide 
ciuy  exist  in  the  form  of:  (l)  a  singular  storage  facility  for 
hydrogen  peroxide  only,  (2)  a  special  handling  area  for  hydro¬ 
gen  perioxidc,  such  as  an  equipment  pussivutiou  area,  (3)  a 
storage  complex  for  oxidizers  including  hydrogen  peroxiue,  (4) 
an  areu  storage  complex  for  fuels  nnd  oxidizers,  or  ^5)  a 
bundling  complex  for  various  propeliunts.  Although  it  is  de- 
eiroble  thut  any  such  facility  be  located  in  an  isolated  area, 
out  of  necessity,  it  may  be  located  in  the  proximity  of  a  test 
or  launch  facility. 

The  specific  design  criteria  for  each  type  of  hydrogen  peroxide- 
containiug  facility  must  be  considered  independently  although 
most  considerations  apply  to  all  facilities.  This  is  neces¬ 
sary  because  opy  other  propellants  stored  or  handled  at  the 
facility  also  require  special  considerations.  In  addition, 
a  facility  located  in  the  proximity  of  a  launch  or  test  in¬ 
stallation,  for  example,  is  exposed  to  vibrational,  thermul, 
and  possibly  shrapnel  effects,  all  of  which  require  special 
considerations. 


The  design  principles  presented  in  this  handbook  apply  to 
those  criteria  associated  with  storage  and  handling  facilities 
for  only  hydrogen  peroxide.  Thus,  in  the  use  of  these  criteria 
in  areas  where  other  propellants  are  stored  and/or  handled, 
the  facility  designer  must  consider  the  integration  of  various 
other  requirements  in  his  design  of  the  hydrogen  peroxide 
facility. 


4.4. 1.1  Facility  Layout  and  Orientation.  Hydrogen  peroxide  storage 
and  handling  areas  should  b«.  situated  in  such  a  manner  as  to 
provide  the  least  hasard  to  surrounding  facilities  and 
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personnel  under  any  given  condition.  Since  the  layout  of 
test  areas  is  dependent  upon  particular  requirements  and  con¬ 
siderations,  in  which  many  attendant  hazards  must  be  accepted, 
the  layout  considered  here  iB  related  primarily  to  storage  or 
handling  areas  which  can  be  litunted  as  desired.  All  such 
facilities  should  have  adequate  drainage  and  be  situated  so 
that  they  are  exposed  to  the  minimal  climate  changes  for  the 
particular  area.  Some  air  flow  should  normally  be  available. 


4. 4. 1.1.1  Meteorological  Considerations.  Hydrogen  peroxide  does 

not  present  h  serious  toxicology  threat  to  personnel  through 
vapor  inhalation  because  of  its  low  vapor  pressure  and  com¬ 
paratively  high  threshold  limit  value.  Thus,  very  little 
consideration  is  usually  given  to  the  potential  release  of 
hydrogen  peroxide  vapor  into  the  atmosphere,  either  through 
venting  or  gross  spillage.  Normally,  such  situations  do  not 
pose  a  Uireet  to  personnel  outside  of  the  immediate  area, 
particularly  if  spillage  is  immediately  diluted  with  large 
quantities  cl  water.  However,  site  orientation  should  be 
such  that  a  vent  or  spill  of  any  conceivable  magnitude  will 
be  reduced  to  relatively  harmless  concentrations  by  the  time 
it  reaches  downwind  population. 


4.4. 1.1,2  Quantity-Distance  Considerati one.  All  hydrog<  n  peroxide 

solutions  above  52  w/o  H^O,,  are  classified  as  Hazard  Group  11 
propellants  by  the  criteria  established  for  the  Department  of 
Defense  (Hef.  4.52).  As  such,  these  solutions  are  grouped  with 
other  strong  oxidizers  as  a  fire  hazard.  The  DGD  criteria 
(Ref.  4.52)  also  indicate  that  solutions  above  90  w/o  H^O,,  can 
detonate  and  appropriate  precautions  should  be  taken  (Bef.  4.53)- 
Based  on  the  Hazard  Group  11  designation,  the  following  criteria 
have  been  reconsended  in  Ref.  4,52  for  the  location  of  hydrogen 
peroxide  sites  in  relation  to  surround  habitations  and  public 
transportation. 
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Prope llant 

Quanti ty , 
pounds 

Distance  in  Feet  to 

Inhabited  Buildings, 
Railroads,  Highways,  and 
Incompatible  Group  11  Storage 

Intragroup  and 
Compatible  Group  II 
Storage 

Over 

Not  Over 

100* 

60 

30 

100 

100 

50 

120 

60 

mm 

180 

90 

10,000 

240 

120 

50,000 

270 

135 

100,000 

330 

165 

300,000 

360 

180 

500,000 

410 

205 

*NOTE:  These  criteria  do  not  apply  to  a  single  standard  minimum  size 
shipping  container  (such  os  one  55-gallon  drum);  these  should  be  stored 
and  handled  as  prescribed  by  the  controlling  authority. 


4.4. 1.2  Storage  Containers.  The  storage  capacity  of  each  facility 

is  dependent  upon  the  particular  requirements  of  that 
facility.  A  user  may  require  one  large  bulk  storage  facility 
with  severa-'  ready  storage  facilities,  each  to  supply  a  par¬ 
ticular  test  site.  Large  storage  facilities  for  propellant- 
grade  hydrogen  peroxide  may  contain  one  or  more  bulk  storage 
tauks  with  capacities  ranging  from  5000  to  25,000  gallons. 

In  addition,  the  various  facilities  may  require  areas  for 
drum  storage. 

The  propel iant-grade  hydrogen  peroxide  tanks  and  containers 
should  be  stored  in  an  area  by  themselves  and  not  integrated 
with  other  oxidizer  storage  (Ref.  4.24).  The  area  layout 
should  allow  for  easy  access  and  egress  for  loading  and  un¬ 
loading  vehicles  and  adequate  separation  of  the  bulk  storage 
tanks  from  each  other,  and  from  the  drum  storage  area.  All 
storage  tanks  and  associated  valves  and  piping  should  be 
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located  aboveground  to  facilitate  the  detection  of  leaks. 
All  main  tank  connections  should  be  made  through  the  top 
portion  of  the  tanks  to  reduce  the  possibilities  of  propel¬ 
lant  spill. 


Buildings.  Hydrogen  peroxide  bulk  storage  tanks  do  not  re¬ 
quire  surrounding  buildings;  however,  they  should,  if  possible 
be  shielded  from  direct  sun  radiation.  Drums  are  usually 
stored  on  a  raised  pad  under  an  open-wall  roof.  The  struc¬ 
tural  framework  for  either  protective  covering  should  con¬ 
sist  of  either  steel  or  masonry.  Wooden  supports  should  not 
be  used.  Any  siding  should  be  brick,  tile,  or  other  masonry 
units;  corrugated  sheet  asbestos;  aluminum;  or  steel  with 
an  approved  protective  coating.  Slate  shingles,  corrugated 
sheet  asbestos,  aluminum,  or  coated  steel  can  be  used  for 
roofing;  but  the  use  of  petroleum-based  roofing  materials 
is  prohibited.  A  vinyl-base,  high-temperature  aluminum 
paint  can  be  used  as  weather  protection  for  the  applicable 
structural  materials.  Floors  should  be  smooth,  finished 
concrete  with  a  built-in  slope  for  drainage. 


Diking  and  Iietninment .  Each  hydrogen  peroxide  bulk  storage 
tank  should  be  installed  within  a  separate  dike,  revetment, 
or  walled  area  to  retain  spilled  propellaRt.  This  contain¬ 
ment  should  have  a  smooth,  impervious,  and  acid-resistant 
cement  lining.  The  dike  or  retainment  should  be  capable 
of  retaining  1.5  to  2  times  the  tank  capacity.  The  diking 
system  should  be  designed  so  that  it  will  gravity  drain 
into  a  collection  basin  via  open-trough,  concrete-lined 
drainage  canals. 


Safety  and  Fire  Protection.  Good  system  design,  develop¬ 
ment  and  observation  of  good  operating  procedures,  and 


good  housekeeping  are  the  best  safety  precautions  in  hydro¬ 
gen  peroxide  storage  and  handling  areas.  These  areas  must 
be  kept  neat,  clean,  and  absolutely  free  of  any  type  of 
combustible  material.  All  leaks  and  spills  should  be  flushed 
immediately  with  large  amounts  of  water.  Frequent  inspec¬ 
tion  of  the  areas  to  ensure  compliance  with  these  regula¬ 
tions  should  be  maintained. 


4. 4. 1.5.1  Personnel  Education.  Standard  operating  procedures 

should  be  established  for  all  operations  and  potential  sit¬ 
uations  that  might  occur  in  hydrogen  peroxide  storage  and 
handling  areas.  Thorough  education  of  all  operating  per¬ 
sonnel  with  respect  to  these  procedures  is  mandatory.  In 
addition,  these  areas  should  be  restricted  to  a  minimum 
number  of  previously  authorized  personnel  required  for 
operation  and  safety. 


4.4. 1.5.2  Personnel  Protection.  Proper  protective  clothing,  an 

adequate  number  of  deluge  safety  showers  and  eye  baths, 
and  easy  egress  from  the  area  should  be  provided  for  the 
protection  of  operating  personnel.  This  equipment  should 
be  clearly  located  and  marked. 


4.4. 1.5-3  Facility  Protection.  An  adequate  water  supply  must 

be  available  for  fire  fighting,  flushing  and  decontamination, 
tank  cooling,  tank  dilution,  and  personnel  safety  equipment. 
In  storage  areas  where  the  tank  temperature  may  be  over 
100  F  for  extended  durations,  a  tank  sprinkling  system  should 
be  provided  to  cool  the  tanks.  The  locations  for  floor 
flushing,  drainage  flooding,  and  fire  protection  valves 
(either  for  hoses  or  fixed  nozzles)  should  be  clearly  marked 
by  signs  and  red  lights.  In  the  absence  of  a  fixed  tank 
dilution  installation,  an  adequate  hose  length  should  be 
available  to  reach  the  dome  of  any  storage  tank  for  dilu¬ 
tion  in  an  emergency  situation. 
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Electrical  Concepts.  All  electrical  installations  through¬ 
out  the  hydrogen  peroxide  storage  and  handling  areas  should 
conform  to  the  national,  state,  and  local  codes  for  the  type 
of  area  and  service  involved.  The  areas  should  be  flood¬ 
lighted  in  accordance  with  good  industrial  and  safety  prac¬ 
tices  for  the  type  of  operation  involved.  Electrical  power 
distribution  within  the  areas  should  be  through  rigid  alum¬ 
inum  or  steel  conduits,  which  are  preferably  located  under¬ 
ground.  Spark-proof  or  explosion-proof  fixtures  are  not 
required,  but  vapor-proof  fixtures  are  recommended.  Adequate 
electrical  receptacles  should  be  strategically  located  far 
maintenance  purposes. 

All  vent  stacks,  storage  tanks,  and  steel  structures  should 
have  integrally  mounted  lightning  protection  systems  in 
accordance  with  Section  8  of  Ref.  4.54.  All  storage  tanks, 
pumps,  loading  points,  electrical  equipment,  and  propellant 
transfer  lines  should  be  grounded  and  bonded  electrically, 
in  accordance  with  national,  state,  and  local  codes. 

Access  Roads.  At  least  two  access  roads  to  transfer  and 
storage  sites  should  be  provided  with  adequate  space  at  each 
site  for  turning.  The  use  of  asphalt-paved  access  roads 
in  close  proximity  to  storage  and  handling  facilities  should 
be  prohibited. 

Fencing.  Storage  and  handling  areas,  drainage  ditches,  and 
catch  ponds  sliould  be  fenced  and  equipped  with  warning  signs, 
safety  placards,  and  other  equipment  and  techniques  typical 
of  good  industrial  practice. 
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In  the  design  of  an  item  of  equipment  for  hydrogen  peroxide 
service,  the  same  basic  principles  of  design  apply  as  far 
any  other  fluid-handling  system.  For  hydrogen  peroxide 
service,  simplicity  in  design  is  essential.  Since  the  de¬ 
composition  rate  of  hydrogen  peroxide  is  a  direct  function 
of  the  surface  area  contacted,  the  material  surface  area 
relative  to  the  hydrogen  peroxide  volume  should  always  be 
minimized.  The  number  of  parts  in  a  system  or  component 
assembly  should  be  kept  to  a  minimum  that  is  consistent  with 
the  mechanical  and  structural  requirements  of  the  equipment, 
and  the  equipment  must  be  designed  so  that  all  units  can  be 
easily  disassembled  into  component  parts  for  ease  in  passi¬ 
vation  and  inspection. 


Throughout  the  design  and  layout  of  a  hydrogen  peroxide  sys¬ 
tem,  the  potential  integrity  of  the  system  with  respect  to 
cleanliness  end  compatibility  with  the  hydrogen  peroxide 
must  be  constantly  reviewed.  The  use  of  each  material  and 
its  potential  contact  with  the  propellant  must  be  consistent 
with  the  material  compatibility  data,  as  illustrated  in 
Section  4.2.2.  Because  of  the  possibility  of  unforeseen 
hydrogen  peroxide  contamination  (with  resulting  decomposi¬ 
tion  and  gas  release),  all  systems  must  be  designed  so  that 
they  can  be  completely  vented  and  pressure  relieved.  When¬ 
ever  possible,  the  system  should  be  designed  to  "fail  open." 


Typical  equipment  design  and  selection  considerations  are 
given  in  the  following  paragraphs.  Although  these  consider¬ 
ations  will  aid.  the  hydrogen  peroxide  user  in  the  design 
of  hydrogen  peroxfde  storage  and  handling  systems,  they  are 
not  intended  as  a  substitute  for  good  engineering  practices 
nor  do  they  exclude  other  competent  and  knowledgeable  con¬ 
siderations.  It  is  also  noted  that  the  following  criteria 
are  primarily  for  semipermanent  or  permanent  facilities 
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and  do  not  apply  to  flight  hardware  although  many  of  the  ' 
considerations  may  be  applicable. 


Storage  Vessels.  All  pressure  vessels  for  hydrogen  peroxide 
storage  and  feed  should  be  constructed  in  accordance  with  1 
the  ASMb  Boiler  and  Pressure  Vessel  Code,  Section  VIII, 
latest  edition  (Ref.  4.55).  Also,  all  pressure  vessel  de¬ 
sign  and  construction  should  satisfy  applicable  local  and 
state  codes  for  such  vessels.  All  other  storage  vessels 
for  hydrogen  peroxide  service  should  be  designed  and  fabri¬ 
cated  in  accordance  with  good  engineering  practice  for  the 
pressure  and  service  in  which  they  are  to  be  used.  A  mini¬ 
mum  safety  factor  of  4  for  vessel  and  vessel  support  material 
strength  should  be  maintained  in  all  designs  with  adequate 
allowances  for  local  seismic  and  atmospheric  disturbances, 
temperature  conditions,  and  external  and/or  internal 
corrosion. 

Hydrogen  peroxide  storage  tanks  are  normally  fabricated  of 
Class  1  materials.  The  majority  of  the  tanks  used  for  bulk 
storage  are  fabricated  from  aluminum  1060,  which  is  99.6 
w/o  uluminum.  When  greater  strength  is  required,  aluminum 
alloys  5254  and  5652  are  normally  used  for  bulk  storage. 

In  consideratiqn  of  requirements  for  high-pressure  light¬ 
weight  tankage,  AM  350  stainless  steel  has  been  used  success¬ 
fully.  The  17-7  precipitation  hardening  stainless  steel  has 
been  used  successfully  in  76  and  90  w/o  ^2^2  8y8^enis>  how¬ 
ever,  this  material  is  generally  more  difficult  to  passivate 
thun  the  AM  350  raotcriul,  particularly  when  used  in  90  and 
93  w/o  11^0,^  systems.  Both  steels  offer  yield  strengths  of 
160,000  psi . 


The  hydrogen  peroxide  tankage  used  in  rocket  test  facilitios 
and  various  other  feed  and  ready  storage  applications  (which 
required  only  short  periods  of  hydrogen  peroxide  storage) 


ore  usually  fabricated  from  347  stainless  steel.  Other 
materials  successfully  utilized  in  tankage  ior  these  types 
of  applications  arc  the  low-carbon  304,  316,  and  321  stain¬ 
less  steels. 

The  cryogenic  prestrained  301  stainless  steel  has  demon¬ 
strated  excellent  compatibility  with  90  and  98  w/o  Il^Og,  and 
the  high  strength  of  this  material  (260,000  psi  yield)  favors 
its  use  for  hydrogen  peroxide  tankage  in  flight  vehicles 
and  for  high-pressure  applications. 

General  Considerations.  ■  The  particular  requirements 
of  the  storage  and  handling  facility  will  determine  the  size 
and  number  of  storage  and  feed  tanks.  If  hydrogen  peroxide 
shipments  are  received  in  tank  trucks  or  tank  cars,  storage 
tanks  with  capacities  greater  than  8000  gallons  should  be 
available,  and  more  than  one  bulk  storage  tank  is  recommended 
at  each  particular  installation.  Bulk  shipments  should  pre¬ 
ferably  be  maintained  in  containers  of  similar  size  instead 
of  being  transferred  to  a  number  of  smaller  containers.  In 
addition,  the  number  of  hydrogen  peroxide  transfers  from 
the  initial  storage  to  final  use  should  be  minimized.  Obser¬ 
vation  of  these  rules  will  limit  the  chance  of  contamination 
and  the  number  of  hazards  involved. 

Although  atmospheric-pressure,  horizontal  tanks  have  usually 
been  preferred  to  verticul  tanks  for  the  bulk  storage  of 
hydrogen  peroxide,  any  well-engineered  tank  is  suitable. 
High-pressure  feed  or  ready  storage  tanks  are  usually  ver¬ 
tical  so  they  cau  be  fully  drained.  It  should  be  noted 
that  the  optimum  stress-to-weight  ratio  is  contained  in  a 
spherical  tank,  and  this  type  of  tank  provides  a  minimum 
surf ace-to-volume  ratio.  A  2-to-l  length-to-diameter  ratio 
tank  is  also  advantageous  with  reference  to  strength-to- 
weight  and  surface-to-volume  ratios.  Regardless  of  the 
shape,  the  tank  should  be  designed  with  sufficient  volume 


capacity  to  limit  the  liquid  level  from  rising  above  the 
head  attachment  veld. 

Normally,  all  hydrogen  peroxide  tankage  should  be  provided 
vith  openings  for  filling,  draining,  venting,  special  in¬ 
strumentation  (temperature,  pressure,  and  liquid  level  in¬ 
dication),  and  pressure  relief  (usually  a  large  burst  disk). 
Large  storage  tanks  should  be  provided  vitli  a  top  opening 
manway  of  at  least  18  inches  diameter  for  cleaning  and  in¬ 
spection.  All  bulk  storage  tanks  should  have  at  least  a 
6-inch-diameter  opening  for  use  during  cleaning  and  passiva¬ 
tion.  Many  organizations  fit  the  large  openings  on 
atmospheric-pressure  bulk  storage  tanks  with  a  floating 
cover,  which  is  designed  to  exclude  dirt  but  free  to  relieve 
pressure  buildup  in  the  tank.  A  cover  of  this  type  is 
especially  effective  in  providing  a  large  emergency  vent  to 
prevent  pressure  rupture  of  the  tank  in  case  of  massive  con¬ 
tamination  of  the  contained  hydrogen  peroxide. 

Top  inlet  and  outlet  connections  are  usually  recommended 
for  large  bulk  storage  tanks;  however,  a  bottom  outlet  is 
generally  required  for  propellant  feed  anu  ready -storage 
tanks  to  provide  complete  drainage.  Flanged  connections 
should  be  used  for  all  openings  whenever  possible.  Storage 
tanks  must  have  n  filtered  (to  protect  against  inflow  of 
dirt)  vent  of  at  least  2  inches,  which  cannot  be  inadvertently 
closed.  Pressure  vessels  should  be  designed  with  fail-open 
vents.  In  addition,  many  storage  tank  designs  incorporate 
a  temperature  alarm,  in  which  a  thermocouple  is  installed 
in  a  protective  aluminum  tube  inside  the  tank  or  fastened 
to  the  outside  wall  of  the  tank  below  the  liquid  level 
(with  external  glass  wool  insulation).  Mercury  thermometers 
and  liquid-type  manometer  gages  should  not  be  used  in  direct 
contact  with  the  liquid. 
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4.4.2. 1.2 


Pressure  or  Volume  Changes.  Throughout  the  design, 
fabrication,  and  application  of  hydrogen  peroxide  storage 
vessels,  the  pressure  and  volume  changes  resulting  from  hy¬ 
drogen  peroxide  decomposition  must  always  be  considered.  A 
liberation  of  oxygen  from  decomposition  results  in  a  subse¬ 
quent  change  in  gas  volume  and/or  pressure  of  n  sealed  con¬ 
tainer.  To  illustrate  this  point,  Fig.  4.10  shows  the  volume 
of  oxygen  liberated  per  unit  volume  of  liydrogen  peroxide  as 
a  function  of  liydrogen  peroxide  concentration  and  temperature, 
assuming  a  decomposition  rate  of  0.1  percent  AOL  per  year 
and  a  constant  pressure  of  14.7  psia.  Figure  4.11  demon¬ 
strates  the  pressure  increase  resulting  from  this  decomposi¬ 
tion  in  an  uuveuted  system  with  an  initial  ullage  volume  of 
10  percent.  Pressure  increases  observed  under  actual  stor¬ 
age  conditions  are  illustrated  in  Fig.  4.3  and  4.6. 

For  these  reasons,  venting  of  systems  for  normal  long-term 
hydrogen  peroxide  storage  is  necessary.  This  venting  muy 
be  either  continuous  or  of  the  intermittent  variety.  The 
latter  is  used  when  the  rate  of  pressure  increase  is  used 
as  p  measure  of  stability.  Commercial  shipping  containers 
are  normally  of  the  continuous-venting  type.  A  somewhat 
labyrinthine  path  is  made  with  holes  drilled  through  the 
cover  muterial.  The  geometry  is  such  that  the  possibility 
of  contaminants  eutering  through  the  holes  is  neglible,  and 
the  possibility  of  trapping  and  subsequent  blowing  overboard 
of  liquid  hydrogen  peroxide  is  insignificant.  For  most 
aerospace  applications,  nonvented  systems  are  employed  and 
allowances  for  pressure  increase  during  the  storage  period 
must  be  made  in  the  design. 


4.4.2. 1.3  Self -Heating.  Another  important  consideration  in  the 

design  of  storage  tanks  is  related  to  self-heating  of  the 
hydrogen  peroxide.  This  behavior,  thoroughly  discussed  in 
Ref.  4.56,  can  be  briefly  sumnarized  by  the  following 
comments  from  that  discussion: 


237 


"All  hydrogen  peroxide  eolations  decompose  At 
o  finite  rate,  and  this  decomposition  releasee 
a  relatively  large  amount  of  heat  (1200  Dtu/lb 
of  hydrogen  peroxide  consumed).  Consequently, 
•very  hydrogen  peroxide  storage  vessel  must 
continually  transfer  heat  to  its  surroundings, 
a  corollary  being  that  such  storage  vessels 
are  always  warmer  than  the  surroundings.  The 
magnitude  of  this  temperature  difference  is 
established  by  the  balauce  between  heat  re¬ 
leased  by  deconq>ositiou  and  heat  transferred 
to  the  atmosphere.  The  actual  mechanism,  of 
course,  involves  a  gradual  temperature  rise  in 
the  contents  of  the  vessel  until  the  rate  of 
heat  transfer  to  the  surroundings  becomes  equal 
to  the  rate  of  heat  liberation  by  decomposi¬ 
tion.  However,  the  rate  of  heat  transfer  to 
•the  atmosphere  increases  only  linearly  with 
temperature,  while  the  rate  of  decomposition 
increases  exponentially.  As  a  consequence, 
for  any  particular  storage  vessel  there  exists 
a  critical  decomposition  rate  beyond  which  the 
rate  of  heat  liberation  will  always  exceed  the 
rate  at  which  heat  can  be  transferred  to  the 
surroundings.  Once  a  storage  vessel  pnsses 
the  critical  condition,  a  self-accelerating 
decomposition  will  set  in  which,  unless  checked, 
tnuy  reach  a  very'  high  rate.  As  hydrogen  per¬ 
oxide  solutions  are  nearly  impossible  to  detonate 
and  vapor  explosions  are  possible  only'  over 
very  stroug  solutions,  the  primary'  hazard  is 
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of  the  container." 


Because  of  this  potential  effect  in  storage,  the  design  of 
any  hydrogen  peroxide  storage  container  should  incorporate 
features  which  control  sell -heating.  Assuming  various  hy¬ 
drogen  peroxide  decomposition  rates,  a  maximum  safe-tank 
size  can  be  calculated  for  a  given  hydrogen  peroxide  con¬ 
centration  stored  at  a  given  temperature  in  a  given  tunk 
material  (lief.  4.56).  Hydrogen  peroxide  tankage  should  be 
located  so  as  to  permit  free  movement  of  the  surrounding 
air,  and  since  heat  dissipation  from  the  tank  is  necessary 
to  prevent  self-heating,  the  insulation  of  hydrogen  peroxide 
storage  vessels  under  normal  earth  ambient  storage  condi¬ 
tions  should  be  prohibited.  Because  knowledge  of  impending 


self-healing  is  deairublc,  adequate  instrumentation  should 
be  provided  for  all  bulk  storage  tonls;  this  inst rumen  fat  ion 
is  discussed  more  thoroughly  in  Section  4.4.2.11. 


Surface  Aren  Effects.  One  of  the  important,  considera¬ 
tions  in  the  design  of  hydrogen  peroxide  storage  tanks  is 
the  effect  of  surface  area.  This  is  discussed  in  many  other 
sections  of  the  handbook,  and  the  system  designer  should  be 
veil  aware  of  its  contribution  to  the  decomposi tion  of  hy-~ 
drogeu  peroxide.  With  proper  knowledge  of  this  effect,  it 
can  be  minimized  by  proper  design.  Since  the  current  high- 
purity  of spropel lant-grade  hydrogen  perpxide  minimizes  the 
homogeneous  decomposi ti on  reaction,  the  primary  cause  of 
decomposition  results  from  the  heterogeneous  reaction.  This 
is  the  controlling  reaction  under  the  normal  ambient  stor¬ 
age  conditions  assuming  inadvertent  contamination  of  the 
ljydrogen  peroxide  does  not  occur  in  sufficient  quantities 
to  initiate  the  homogeneous  reaction  mechuuism. 

Surface  area  effects,  which  nre  the  basis  oi  the  hetere- 
geueous  rcactiou,  can  be  minimized  by  optimizing  container 
design  for  minimum  surface  arcu  per  unit  volume  (the  ulti¬ 
mate  design  being  a  sphere).  Further  optimization  requires 
a  minimum  number  of  storage  containers.  Previous  produc¬ 
tion  plant  storuge  data  show  that  the  active  oxygen  loss 
in  the  storage  of  hydrogen  peroxide  can  be  reduced  50  per¬ 
cent  by  going  from  an  8000-gallon  storage  tauk  to  a  25,000- 
gallon  storage  tauk  (Ref.  4.25).  Since  such  volumes  are 
not  practical  for  many  applications,  compromises  have  to 
be  made  with  respect  to  convenience  of  handling  and  minimum 
quantity  required  at  the  storage  site  for  assurance  of 
continuing  operation. 
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4.V.2.2 


Piping  Systems.  Information  of  a  general  and  specific  nature 
relating  to  pipe,  pipe  material,  and  piping  installation  is 
extensively  covered  in  Ref.  4.57  through  4.60. 


4.4. 2. 2.  i  System  Design .  All  piping  used  in  the  storage,  vent¬ 

ing,  and  transfer  of  hydrogen  peroxide  should  be  designed 
in  accordance  with  Sections  3  and  6  of  Ref.  4.57.  Allowable 
♦  tensile  stresses  for  pipe  materials  are  listed  in  Table  12 

ot  Ref.  4.57-  Material  specifications  for  pipe,  fittings, 
valves,  flaugcs,  tubing,  and  boltings  are  listed  in  Table  8 


’  of  Ref.  4.57. 


In  design  of  hydrogen  peroxide  piping  systems,  all  piping 
and  items  of  equipment,  especially  valves  and  pumps,  should 
be  designed  for  con^lete  drainage  on  shutdown.  This  can 
be  accomplished  by  providing  easily  accessible  draincocks 
at  the  low  points  and  by  placing  equipment  containing  dams, 
such  as  some  types  of  valves,  in  vertical  rather  than  hor¬ 
izontal  positions.  A  piping  system  which  holds  hydrogen 
•peroxide  in  stagnant  pools,  even  if  properly  vented,  may 
he  subject  to  excessive  corrosion  even  when  fabricated 
from  the  recommended  rateriols  of  construction. 


There  should  be  no  places  in  the  flow  system  where  hydrogen 
peroxide  can  be  trapped  for  any  period  of  time  without  a 
vent  path  or  a  relief  arrangement.  Since  hydrogen  peroxide 
solutions  will  constantly  decompose  at  a  slow  but  steady 
rate,  the  resulting  gas,  if  completely  confined,  could  even¬ 
tually  build  up  sufficient  pressure  to  cause  rupture. 

"Dead  ends,"  of  which  a  Bourdon  tube  gage  is  an  example, 
should  be  avoided  since  foreign  material  can  accumulate  in 
these  spots.  Ball,  plug,  and  gate  valves  are  examples  of 
valve  designs  where  the  hydrogen  peroxide  can  be  trapped 
when  the  valve  is  closed;  if  one  of  these  tyrpes  of  valves 
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4 .4 .2.2 


4. 4. 2. 2.1 


Piping  Systems.  Information  of  a  general  and  specific  nature 
relating  to  pipe,  pipe  material,  and  piping  installation  is 
extensively  covered  in  Ref.  4.57  through  4.60. 


System  Design.  All  piping  used  in  the  storage,  vent¬ 
ing,  and  transfer  of  hydrogen  peroxide  should  be  designed 
in  accordance  with  Sections  3  and  6  of  Ref.  4.57.  Allowable 
tensile  stresses  for  pipe  materials  are  listed  in  Table  12 
of  Ref.  4.57.  Material  specifications  for  pipe,  fittings, 
valves,  flanges,  tubing,  and  boltings  are  listed  in  Table  8 
of  Ref.  4.57. 

In  design  of  hydrogen  peroxide  piping  systems,  all  piping 
and  items  of  equipment,  especially  valves  and  pumps,  should 
be  designed  for  complete  drainage  on  shutdown.  This  can 
be  accompl i shed  by  providing  easily  accessible  draincocks 
at  the  low  points  and  by  placing  equipment  containing  dams, 
such  us  some  types  of  valves,  in  vertical  rather  than  hor¬ 
izontal  positions.  A  piping  system  which  holds  hydrogen 
peroxide  in  stagnant  pools,  even  if  properly  vented,  may 
he  subject  to  excessive  corrosion  even  when  fabricated 
from  the  recommended  materials  of  construction. 

There  should  be  no  places  in  the  ilow  system  where  hydrogen 
peroxide  can  be  trapped  for  uny  period  of  time  without  a 
vent  patli  or  a  relief  arrangement.  Since  hydrogen  peroxide 
solutions  will  constantly  decompose  at  a  slow  but  steady 
rate,  the  resulting  gas,  if  completely  confined,  cculd  even¬ 
tually  build  up  sufficient  pressure  to  cause  rupture. 

"Dead  ends,"  of  which  a  Bourdon  tube  gage  is  an  example, 
should  he  avoided  since  foreign  material  can  accumulate  in 
these  spots.  Ball,  plug,  and  gate  valves  are  examples  of 
valve  designs  where  the  hydrogen  peroxide  can  be  trapped 
when  the  valve  is  closed;  if  one  of  these  types  of  valves 
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is  to  be  used,  the  cavities  must  be  vented  to  relieve  any 
gas  formation.  It  is  recommended  also  that  the  number  of 
valves  in  a  system  be  kept  to  a  minimum  to  prevent  trap¬ 
ping  of  the  hydrogen  peroxi'  e  between  valves. 

In  the  use  of  pumps  in  the  system  where  the  point  of  pump 
discharge  is  lower  than  the  storage  tank  liquid  level,  the 
pump  suction  line  from  the  top  outlet  should  have  a  valved 
vacuum  breaker  to  prevent  siphoning  after  the  pump  is  stopped, 
The  pump  installation  should  also  be  designed  to  prevent 
hydrogen  peroxide  from  flowing  back  to  the  storuge  tank 
upon  pump  shutdown. 


4. 4. 2. 2. 2  Pipes  and  Fittings.  Pip?  and  welding  fittings  are 

normally  manufactured  according  to  standard  thickness  and 
weight,  as  proposed  by  the  American  Standards  Association. 
Adherence  to  these  standards  in  the  design  of  hydrogen 
peroxide  piping  systems  will  eliminate  unnecessary’  cost 
in  the  purchase  of  pipe  and  will  facilitate  purchases  in 
small  lots.  Pipe  wail  thicknesses  should  be  determined  in 
accordance  with  Ref.  4.57,  Section  2,  Chapter  4,  Paragraph 
214  (-3). 


The  most  compatible  piping  for  hydrogen  peroxide  service  is 
1060  aluminum,  and  this  material  is  generally  recommended, 
particularly  if  the  liquid  hydrogen  peroxide  is  to  remain 
in  long-time  static  contact  with  it.  However,  where  greater 
strength  or  hardness  is  required  over  that  of  aluminum  1060, 
or  where  other  aluminum  alloys  (3003  aid  6063)  may  be  more 
readily  obtainable  in  piping,  other  Class  1  or  Class  2 
aluminums  may  be  used.  Piping  of  300-series  stainless 
steel  may  also  be  used  in  certain  Class  2  (Section  4. 2. 1.2) 
applications. 
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Welded  and  flanged  construction  is  rcconmended  in  hydrogen 
peroxide  piping  vith  a  minimum  of  fittings  and  joints.  Bends 
are  preferred  to  elbows,  and  joints  should  be  stud-ends  with 
lap  joint  flanges  or  flanges  welded  to  the  piping.  The  use 
of  stainless  steel  and  galvanized  or  aluminum-clad  bolting 
with  galvanized  steel  back  flanges  is  recommended,  because 
rusting  of  carbon  steel  would  afford  a  source  of  possible 
contamination  of  the  piping  when  the  flanges  are  opened. 

If  possible,  threaded  fittinfs  and  connections  should  be 
avoided;  however,  where  they  must  be  used,  it  is  recommended 
that  the  tapered  pipe  threads  be  sealed  with  Teflon  thread 
tape.  Normal  pipe  thread  compounds  must  ne'rer  be  used. 


4. 4. 2. 2. 3  Pipe  Hangers  and  Supports.  Pipe  supports,  hangers, 

anchors,  guides,  and  braces  should  be  designed  to  prevent 
excessive  stress,  deflection,  and  motion  in  operation  of 
the  system,  or  too  large  a  variation  in  loading  with  changes 
in  temperature,  and  to  guard  against  shock  or  resonance  with 
imposed  vibration  and/or  critical  cQnditions.  Design  and 
selection  of  the  pipe  supports  should  be  in  full  accordance 
with  Section  6,  Chapter  I  of  Ref.  4.57-  Additional  inform¬ 
ation  is  included  in  Ref.  4.58  through  4.63. 


4. 4. 2. 2. 4  Flexible  Connections.  A  corrugated,  seamleos  hose  of 

304  or  316  stainless  steel,  with  open  pitch  construction 
and  welded  flanged  ends  is  recommended  as  a  flexible  con¬ 
nection  for  hydrogen  peroxide  service.  Flexible  hose  lines 
with  Teflon  or  Silicone  S-5711»  fitted  with  flanged  con¬ 
nections,  also  have  been  successfully  used.  Another  type 
of  flexible  connection  that  has  been  applied  successfully 
in  hydrogen  peroxide  service  is  aluminum  piping  with  swing 
joints  of  stainless  steel  and  Teflon. 
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4 .  4 .  2 . 2 . 5 


Identification.  Hydrogen  peroxide  piping  should  be 
identified  in  accordance  with  MIL--STD“101A(l0) .  The  prim¬ 
ary  warning  color  (band)  is  green.  The  secondary  warning 
color  (arrow)  is  blue. 


4.4.2. 3  Stainless  St< el  Tubing  and  Fittings.  Tubing  and  fittings 

of  300  series  stainless  ateel  are  used  almost  exclusively 
for  pressurized  hydrogen  peroxide  systems.  (it  should  also 
be  noted  that  the  X-15  experimental  aircraft  uses  an  all 
stainless-steel  hydrogen  peroxide  system. )  All  systems 
designed  with  stainless-steel  tubing  should  conform  to  MIL- 
T-8808A  (for  type  32l)  MIL-T-8606A  (for  type  347),  or 
MIL-T-8504  (for  type  304).  Fittings  should  conform  to  AN 
or  MS  standards  for  flared  tube  fittings. 


4. 4. 2. 4  Valves .  Selection  of  valves  for  hydrogen  peroxide  service 

imposes  certain  design  requirements  that  are  more  stringent 
or  critical  than  with  most  other  propellants.  The  design 
should  be  such  that  trapping  of  hydrogen  peroxide  in  any 
part,  of  the  valve  is  impossible  during  any  operation  cycle 
of  the  valve.  As  a  result,  globe  or  Y-type  valves  are 
usually  reconsnended  for  hydrogen  peroxide  service.  Modifi¬ 
cation  of  some  types  of  gate,  plug,  and  ball  valves  to  pro¬ 
vide  self-venting  has  also  permitted  their  use  in  certain 
applications. 

Materials  used  in  approved  hydrogen  peroxide  valves  are 
normally  Class  1  or  2  (see  Section  4.2. 1.2).  Stainless  steels 
321  and  347  have  been  employed  successfully  as  valve  mater¬ 
ials;  however,  some  aluminum  alloy  valves  have  been  sub¬ 
jected  to  severe  galvanic  corrosion  when  used  in  conjunction 
with  stainless-steel  poppets  or  fittings.  A  metal-to-Tef Ion 
(or  Kel-F)  seal  between  the  plug  and  valve  seat  is  normally 
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preferred  over  metal -to-metal  contact.  Materials  approved 
for  gaskets  are  normally  used  as  valve  packing. 

4. 4. 2. 5  Ilelief  Devices.  The  preferred  relief  device  for  hydrogen 
peroxide  systems  is  a  rupture  disk.  The  relief  device 
should  be  rated  at  not  more  than  100  percent  of  the  vessel 
or  system  rating  when  used  as  a  primary  relief  device  or 
103  percent  when  used  as  a  secondary  relief  device.  Sizing 
of  the  device  should  be  large  enough  to  prevent  the  pressure 
from  rising  10  percent  above  the  maximum  allowable  working 
pressurev of  the  system  under  any  projected  condition.  Burst 
relief  devices  on  hydrogen  peroxide  tank  cars  are  designed 
to  relieve  at  45  psig  pressure. 

4. 4. 2. 6  Regulators.  Regulators  are  used  primarily  to  supply  regu¬ 
lated  nitrogen  gas  for  transfer,  purge,  and  control  systems. 
The  selection  of  a  regulator  for  service  in  hydrogen  perox¬ 
ide  systems  depends  upon  its  particular  intended  service. 

If  the  regulator  is  in  an  attendant  system  which  cannot  be 
contaminated  with  hydrogen  peroxide,  no  special  requirements 
are  necessary..  However,  when  contamination  is  a  possibility, 
the  regulator  materials  must  conform  +o  compatible  material 
specifications. 

4. 4. 2. 7  Pumps .  Pumps  manufactured  from  wrought  or  forged  300-series 
stainless  steel  (304,  316,  321  and  347)  and  pumps  made  with 
aluminum  alloys  B356,  356,  or  43  which  also  have  a  300-series 
stainless-steel  shaft,  are  recotanended  for  pumping  hydrogen 
peroxide.  Cast  stainless  steel  should  be  avoided  because 

it  is  subject  to  chromium  leaching,  which  seriously  contam¬ 
inates  the  propellant  and  hastens  decomposition.  Self¬ 
priming  pumps  should  be  used  for  transferring  hydrogen 
peroxide  from  tank  cars  or  storage  tanks  with  top  outlets; 
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the  pump  normally  used  in  this  service  iB  a  2-inch,  self¬ 
priming  centrifugal.  Where  higher  pressure  or  low  capac¬ 
ities  are  desired,  a  special  rotary  pump  is  recommended. 

Pump  shafts  should  be  stainless  steel,  and  any  packing  must 
be  made  of  compatible  materials.  Where  used,  packing  should 
be  rings  of  either  Teflon  or  Vitrium,  lubricated  with  a 
fluorinated  hydrocarbon;  excessive  gland  tightening  of  the 
packing  should  be  avoided,  because  overheating  could  result 
in  the  rupture  of  the  gland.  Stuinless-steel  mechanical 
seals  with  glass-filled  Teflon  and  ceruuiic  faces  are  recom¬ 
mended.  All  pumps  should  be  equipped  with  drain  valves  and, 
where  desired,  temperature  alarms  to  warn  against  overheating. 


4.4.2.N  Filters.  Liquid  filters  have  been  used  in  hydrogen  peroxide 

storage  and  transfer  systems  to  maintain  propellant  clean¬ 
liness  from  insoluble  contaminants.  Because  of  the  massive 
surface  area  available  (for  promoting  heterogeneous  decompo¬ 
sition),  the  filter  should  be  selected  from  Class  1  or  2 
materials,  and  should  be  located  where  it  is  not  constantly 
immersed  in  the  liquid  (such  as  the  inlet  or  outlet  of  a 
transfer  line).  Also,  it  should  be  located  for  easy  and 
repeated  opening  and  cleaning.  A  25-micron,  type  316 
stainless-steel  filter  with  a  1000-sq  in.  minimum  element 
area  (100  gpm  Ho0Q  at  15  psi  A?)  has  been  used  success- 
fully  in  large  handling  systems. 


4. 4. 2. 9  Gaskets.  The  selection  of  gaskets  for  hydrogen  peroxide 

service  is  related  to  the  type  of  service  to  be  provided. 
Materials  normally  used  as  gaskets  are  Teflon,  kel-F, 
certain  silicone  rubbers,  some  polyvinyl  plastics,  Koroseal 
700,  pure  tin,  and  either  a  combination  of  spirally  wound 
stainless  steel  aud  Teflon  (Flexitallic)  or  a  Teflon 
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envelop*  over  asbestos.  The  metal-containing  gaskets 
are  usually  recom&ended  tor  high-pressure  and  vacuum 
systems;  however,  contact  between  dissimilar  metals  should 
be  avoided  to  prevent  galvanic  corrosion.  The  use  of 
certain  elastomeric  materials  as  gasketu  mist  be  avoided 
because  the  plasticizer  or  filler  material  may  be  incom¬ 
patible  or  impact  sensitive  (see  Section  4.2.2). 

4.4.2.10  Lubricants.  The  use  of  lubricants  in  propellant-grade 
hydrogen  peroxide  service  should  be  minimized  or  avoided 
wherever  possible.  Results  of  compatibility  tests  (Sec¬ 
tion  4. 2. 2. 6)  indicate  that  only  the  fluorinated  hydro¬ 
carbons  are  sufficiently  compatible  with  hydrogen  peroxide 
to  be  considered,  and  even  these  materials  may  react 
under  certain  conditions. 

4.4.2.11  Instrumentation.  In  the  design  of  instrumentation  inter¬ 
nal  probes  or  sampling  tubes  for  hydrogen  peroxide  storage 
and  handling  systems,  the  proper  selection  of  compatible 
materials  is  the  primary  consideration.  Dissimilar  metals 
in  contact  with  hydrogen  peroxide  demonstrate  a  tendency 
for  electrolytic  corrosion,  with  the  more  concentrated 
solutions  showing  lens  galvanic  action.  However,  even 
with  90  w/o  hydrogen  peroxide,  the  use  of  dissimilar 
metals  should  be  avoided.  Attempts  at  insulating  one 
metal  from  the  other  by  a  plastic  have  not  been  very 
effective  in  past  applications  where  intermittent  wetting 
occurs.  If  two  dissimilar  metals  must  be  in  contact,  the 

'  anodic  metal  should  have  a  larger  surface  area  than  the 
cathodic  metal.  In  addition,  the  use  of  soldered  joints 
(particularly  silver  solder),  which  is  common  in  various 
types  of  probes  and  sensors  Hhould  be  avoided  (because  of 
catalytic  decomposition  of  the  hydrogen  peroxide). 
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As  noted  previously , "dead  ends,"  which  are  those  placoB 
that  could  be  filled  with  hydrogen  peroxide  without  per- 
Diitting  adequate  recirculation  of  the  fluid,  should  be 
avoided  wherever  possible.  (A  common  example  of  this  in 
instrumentation  design  is  the  typical  Bourdon  tube  pres¬ 
sure  gage.)  The  d i sadvuntnge  of  hnving  a  dead  err1  in  « 
piece  of  apparatus  is  that  there  is  a  possibility  that 
small  impurities  will  accumulate  in  the  dead  end  until 
extensive  hydrogen  peroxide  decomposition  results.  If 
dead  ends  cannot  be  avoided,  they  should  be  placed  above 
the  low  point  in  the  system  so  thut  liquid  hydrogen  per¬ 
oxide  solutions  will  not  collect  in  them. 


4.4.2.11.1 


Pressure  Gages.  If  gages  are  required  or  used  in 
hydrogen  peroxide  service,  they  should  be  constructed  of 
compatible  materials  and  meet  the  other  considerations 
noted  above.  Where  Bourdon  tube-type  pressure  gages  are 
used,  their  design  and  assembly  should  allow  for  proper 
passivation  and  inspection  of  the  gage  inlet,  and  there 
should  be  no  welds  in  contact  witli  the  hydrogen  peroxide. 
For  example,  a  stainless-steel  diaphragm  held  between 
two  bolted  stainless-steel  flanges  should  be  used  in  con¬ 
junction  with  a  Bourdon  tube  pressure  gage,  with  the 


assembly  placed  in  a  vertical  pusiLion.  Gas  legs  and 


diaphragm  protectors  have  also  been  used  with  success  in 
preventing  direct  exposure  of  the  gages  to  liquid  hydro¬ 
gen  peroxide. 


4.4.2.11.2  Storage  Tank  Temperature-Measuring  Devices.  A  study 

of  temperature-measuring  devices  for  high-strength  hydro¬ 
gen  peroxide  storage  systems  lias  been  reported  in  ltef. 
4.64.  A  summary  of  tills  study,  sIio*ti  in  Table  4.32  , 
illustrates  the  presently  available  techniques.  Selec¬ 
tion  of  any  one  of  these  techniques  is  dependent  upon 
the  requirements  of  the  particular  facility.  However, 
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regardless  of  which  technique  it  used,  its  limitations, 
operating  characteristics,  and  relationship  to  potential 
"red  line"  conditions  must  be  fully  understood  by  facility 
personnel  to  ensure  the  usefulness  of  the  system. 

In  consideration  of  the  various  techniques  described  in 
Table  4.32  ,  the  surface  measuring  uyBtem  with  its  sensing 
point  at  the  bottom  of  the  tank  (Method  3)  would  be  less 
affected  by  high  vapor  space  temperature  than  any  of  the 
other  measuring  devices.  The  Manufacturing  Chemists' 
Association  (Ref.  4.63)  has,  in  effect,  recognized  this 
technique  os  a  suitable  method  by  stating. "The  tempera¬ 
ture  of  a  tank  may  be  monitored  by  temperature  indicators 
attached  to  the  exterior  of  the  tank  below  liquid  level 
which  records  the  temperature  automatically  or  an  operator 
may  record  the  temperature  on  schedule."  While  not  di¬ 
rectly  meusuriug  liquid  temperature,  such  a  system  would 
show  tank  temperature  changes  (although  it  would  probably 
be  unsuitable  for  inventory  purposes).  Using  a  dial 
thermometer,  this  type  of  system  would  be  the  most  econ¬ 
omical  direct  temperature  indicating  system. 

The  use  of  a  dial  thermometer  inserted  in  a  thermal  well 
below  the  liquid  level  (Method  4)  would  more  closely 
indicate  the  true  liquid  temperature  and  be  less  affected 
by  ambient  temperatures  than  surface  mounted  systems. 

High  vapor  space  temperature  would  not  affect  such  a  sys¬ 
tem  unless  the  liquid  level  fell  below  the  well. 

Another  type  of  surface  measuring  system  (Method  7)  en¬ 
compasses  the  vapor  space  UBing  a  capillary  sensing  ele¬ 
ment  which  is  sensitive  to  the  warmest  spot  along  its 
length.  However,  any  time  the  vapor  space  is  warmer  than 
the  liquid,  this  instrument  will  indicate  the  vapor  space 
tank  surfcce  temperature  rather  than  the  liquid.  One 
organization  reported  that  it  was  necessary  to  set  the 
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alarm  point  of  such  n  system  at  143  F  to  eliminate  false 
alarms  resulting  from  sun  (tenting  effects  transferred  into 
the  vapor  space.  One  manufacturer  of  this  type  of  instru¬ 
ment  does  not  recommend  it  for  this  use. 

Another  organization  reported  the  use  of  an  averaging  sur¬ 
face  measuring  system  covering  the  lover  quudiant  of  t lie 
tank  (Method  b).  This  system  was  affected  in  a  manner 
similar  to  tliut  of  Method  7  nt  lover  liquid  levels,  but 
to  n  lesser  extent,  since  it  averages  the  temperature 
rather  than  selects  the  warmest  spot. 

The  Weston  System  (described  ns  Method  10),  using  a  re¬ 
sistance  temperature  element  installed  from  top  to  bottom 
of  the  tank  in  a  well,  will  average  the  liquid  temperature 
from  the  liquid  level  to  the  bottom  of  the  tank.  A  manual 
switcli  is  provided  to  change  the  temperature-sensitive 
segment  of  the  element  to  that  position  below  the  liquid 
level  in  up  to  six  steps.  This  system  gives  good  average 
liquid  temperatures  nt  any  one  vertical  plane  in  the  tank. 
Severul  elements  installed  in  one  tank  or  in  several  tanks 
could  be  used  with  one  indicator.  Such  a  system  is  expen¬ 
sive  but  might  prove  extremely  valuable  in  the  checkout 
of  a  nev  storage  area,  particularly  by  a  group  inexperi¬ 
enced  in  hydrogen  peroxide  handling  and  storage. 

The  use  of  nutomutic  temperature  alarms  connected  to  the 
sensing  device  would  be  of  little  value  in  determining 
self-heating  of  the  tank  in  the  early  stages.  For  example, 
in  cold  weather,  self-heating  could  be  progressing  very 
rapidly  by  the  time  the  alarm  point  set  for  120  F  would 
be  reached.  Conversely,  in  hot  weather,  the  effects  of 
the  aun  coupled  with  low  liquid  levels  could  result  in 
frequent  false  alarms  at  this  temperature.  As  o  result 
of  these  false  alarms,  the  alarm  would  soon  be  ignored  (or 
if  the  alarm  were  Bet  high  enough  to  eliminute  the  false 
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nlnrms,  it  might  provide  a  false  sense  of  security).  An 
alarm  system  could  he  set  up  to  operate  on  a  given  tem¬ 
perature  differential  between  ambient  and  storage  terap<  -n- 
tures;  however,  this  involves  additional  expense. 

It  is  generally  recommended  that  the  use  of  continuous 
plots  of  tank  (with  any  of  the  indicated  devices)  and 
ambient  temperatures  be  used  ns  the  method  of  evaluating 
storage  conditions,  at  leust  until  personnel  have  suffi¬ 
cient  experience  to  evaluate  the  faclities  properly. 


4,4.3  System  Fabrication  and  Assembly 

Hydrogen  peroxide  storage  and  transfer  systems  are  similar 
to  those  employed  for  handling  ordinary  fluids,  except 
for  materials  of  construction.  Pump  motors,  solenoid 
valves,  electrical  switch-gear,  and  other  electrical  equip¬ 
ment  in  the  hydrogen  peroxide  transfer  and  storage  systems 
should  be  selected  and  installed  in  accordance  with  the 
requirements  of  the  Nutionul  Electric  Code,  Article  500, 
Class  1,  Division  12.  All  souls  and  joints  in  the  propel¬ 
lant  system  should  be  periodically  and  frequently  inspected 
for  leaks  and  dumage. 

In  the  layout,  plucement,  and  arrangement  of  operating 
systems  and  units,  ample  spacing  should  be  provided  for 
proper  maintenance  clearances  and  adequate  ventilation. 

In  many  coses,  the  removal,  replacement,  and  servicing  of 
valves,  pumps,  piping  sections,  instrumentation,  and  other 
equipment  must  be  done  by  personnel  in  protective  cloth¬ 
ing.  Ample  room  and  access  must  be  provided  for  use  of 
tools  und  for  easy  movement  of  equipment.  Where  possible, 
equipment,  valves,  und  lines  should  he  located  so  that 
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mai nteunnce  and  service  work  can  be  accomplished  from  a 
position  above  the  piping  level  to  prevent  propellant 
drips  and  leaks  from  falling  on  personnel. 

Print  to  fabrication  and  assembly  of  the  system,  the 
materials  and  equipment  to  be  used  should  be  carefully 
selected  from  the  recommended  lists  as  given  in  Section 
4.12 .2  and  4.4.2.  Any  questionable  or  unknown  (with  re¬ 
spect  to  compatibility)  material  or  piece  of  equipment, 
which  is  to  be  used  in  the  system,  should  be  thoroughly 
checked  in  accordance  with  the  procedures  given  in  Section 
4.2.1.  In  addition,  the  identity  of  each  material  used 
in  the  fabrication  and  assembly  of  hydrogen  peroxide  sys¬ 
tems  must  be  ensured;  test  kits  are  uvniluule  for  the 
identification  of  metals  in  the  field  (Ref.  4.06). 

These  selections  should  be  judiciously  reviewed  by  knowl¬ 
edgeable  personnel  who  have  had  prior  experience  in  the 
operation  of  hydrogen  peroxide  facilities.  The  selected 
materials  and  equipment  should  then  be  cleaned,  passivated, 
and  "activity"  checked  and  the  system  fabricated  and 
assembled  according  to  the  considerations  given  in  the 
following  paragraphs. 


4.4.3* 1  General .  In  the  fabrication  and  assembly  of  hydrogen 

peroxide  systems,  the  user  is  again  reminded  of  general 
"rules  of  thumb"  that  should  be  observed  in  the  design, 
preparation,  and  assembly  of  the  system.  These  are  noted 
as  follows  (Ref  4.25). 

1.  All  hydrogen  peroxide  tanks  should  be  designed  with 
a  minimum  surf ace-to-volume  ratio  for  maximum  storage 
stability  (i,e.,  a  sphere  is  the  optimum  shape). 
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i L.  All  storage  tanks,  vessels  and  drams  should  be  designed 
so  that  sampling  of  their  contents  may  be  accomplished 
vithout  the  use  of  a  sample  thief  or  inscHion  of  any 
device  into  the  storage  container. 

3.  Various  seamless  stuiuiess-stcel  tubing  can  be  used  for 
high-pressure  systems,  but  the  3ML,  3K>I»  3-1,  or  3,i? 
alloys  should  be  used  if  welding  is  inquired, 

4.  Stniuless-stcel  ntid  aluminum  components  should  not  be 
coupled  in  t lie  same  system  because  electrolytic  corro¬ 
sion  may  result. 

5.  Free-machining,  stainless-steel  alloys  should  not  bo 
used . 


6.  Cast  stainless-steel  components  should  not  be  used  un¬ 
less  the  particular  casting  is  thoroughly  proved  to 
be  suitably  compatible  with  hydrogen  peroxide. 


7.  All  markings  should  be  removed  from  stainless-steel 
plates  before  they  are  formed  into  a  tank. 


8.  Lap  joints  should  not  be  used  in  fabrication  of  materials. 
Lup  joints  provide  cracks,  crevices,  etc.  (which  can¬ 
not  be  readily  cleaned),  and  may  furnish  n  source  of 
contamination;  they  also  provide  dead  spaces  for  re¬ 
tention  of  hydrogen  peroxide. 
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fabrication. 


10.  Head  forming  dies  should  be  free  of  rust  and  smooth. 

11.  It  is  often  advisable  to  degrease  and  passivate  the 
tank  head  and  bottom  closures  prior  to  fabrication. 

Th i s  eliminates  difficulties  in  future  tank  and  sys¬ 
tem  pussivntions . 
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12.  Flux  and  carbon  formed  in  fabrication  should  be 
cleaned  from  welded  areas  in  stainless  steels  by  u 
100  series  stainless-steel  wire  brush.  Any  inclusions 
remaining  should  be  ground  out.  For  t lie  grinding  of 
cast  surfaces,  welds,  and  weld  spatter  on  surfaces 
that  will  contact  propellant-grade  hydrogen  peroxide, 

a  clean  white  aloxide  (aluminum  oxide)  abrasive  is 
recommended . 

13.  Carborundum  is  not  recommended  for  grinding  because 
the  iron  in  the  carborundum  is  catalytic  with  hydrogen 
peroxide. 

1*1.  Metallizing  or  sprayed  metal  coatings  are  not  suit¬ 
able  techniques  for  preparing  surfaces  for  hydrogen 
peroxide  service.  It  is  possible  for  the  hydrogen 
peroxide  to  seep  behind  the  coating  or  an  exposed  edge, 
and  enuse  the  coating  to  blister. 

15.  Sandblasting  is  not  recommended  because  it  reduces  the 
compatibility  of  metals  with  hydrogen  peroxide  due  to 
the  formation  of  a  porous  or  pitted  surface.  The 
rougher  surface  decreases  its  compatibility  with  hydro¬ 
gen  peroxide. 

16.  Mechanical  polishing  of  aluminum  alloys  is  not  advis¬ 
able  because  of  the  possibility  of  introducing  materials 
which  are  not  compatible  and  could  cause  decomposition 
of  the  hydrogen  peroxide.  Electrochemical  polishing 
(anodization)  of  aluminum  is  the  recommended  method. 

17-  If  on  aluminum  system  is  employed,  it  should  be  ano¬ 
dized  per  Specification  Mil-A-8625  (with  no  dyes), 
followed  by  u  1-hour  rinse  in  boiling  distilled  water. 

18.  Aluminum  materials  and  components  should  be  handled 
carefully  to  prevent  the  possibility  of  embedding 
metal  particles  in  the  surface. 

19.  Hydrogen  peroxide  system  components  should  not  be 
brazed  or  silver  soldered. 
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20,  All  plastic  materials  must  be  checked  for  metal 
particles,  inclusions,  etc.,  prior  to  use.  The  en¬ 
trapment  of  organic  solvents  in  po-ous  materials  should 
be  avoided  during  cleaning  operations. 

21.  Chromic  acid  solutions  should  not  be  used  f >1  (lean¬ 
ing  because  chromium  is  one  of  the  better  decomposi¬ 
tion  catalysts  for  hydrogen  peroxide. 

4.4. 3. 2  Welding .  In  general,  the  standards  for  welding  pipe  vi  i  i 

conform  to  Chapter  4  of  ltef.  4.57.  Pipe  fittings  should 
be  procured  from  reputable  sources  who  permanently  mark 
their  fittings  as  to:  (l)  manufacturer,  (2)  size  and  schcd- 
,  ulc  of  pipe,  and  (3)  material  and  heat  code.  The  fittings 
should  be  of  the  butt-welded  type  to  facilitate  system 
cleaning  and  purging  operations.  A  typical  set  of  stand¬ 
ards  for  the  acceptance  of  pipe  welds  is  as  follows: 

1.  Cracks  of  any  nature,  whether  crater,  underbead,  trans¬ 
verse,  longitudinal,  or  parent  metal  will  be  cause  for 
rejection. 

2.  Crater  cracks  which  arc  determined  to  be  only  surface 
delects  may  be  removed  by  machining  or  grinding.  They 
need  not  be  rcwelded  provided  buildup  is  not  less  than 
10  percent  nor  more  than  JO  percent  of  the  metal  thick¬ 
ness,  nor  if  drop-through  is  not  less  than  flush  nor 
more  than  30  percent  of  the  metal  thickness. 

3.  Normally  acceptable  defects  occurring  in  conjunction 
with  or  adjacent  to  cracks  will  be  cause  for  rejection 
if  they  occur  within  a  distance  of  2  inches  each  way 
from  the  crock. 

4.  Dutt  joints  will  have  100-perccnt  penetration  through¬ 
out  100  percent  of  the  linear  length  of  the  weld. 
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5.  Any  lock  of  fusion  will  not  bo  accepted. 

6.  Undercut,  excessive  drop-through,  and  excessive  rough¬ 
ness  will  be  cause  for  rejection.  Folds  in  drop-through 
will  be  accepted  if  they  arc  not  greater  in  depth  than 
10  percent  of  the  thickness  of  the  parent  metal. 

7.  Porosity  or  inclusions  occurring  it>  the  weld  metal, 
exclusive  of  the  veld  reinforcements , in  which  any 
radiographic  irnuge  is  darker  than  the  parent  metal  or 
larger  in  its  greatest  dimension  than  15  percent  of 
the  parent  metal  thickness  will  he  rejected. 

8.  Porosity  anti  inclusions  in  the  weld  reinforcement  will 
he  neccp'.uble  provided  they  do  not  extend  through  the 
surface  of  the  reinforcements  and  provided  they  do  not 
result  in  011  objectionable  stress  riser. 

9.  Porosity  and  inclusions  whose  greatest  dimensions  are 
equal  to  or  less  than  15  percent  of  the  parent  mctul 
thickness  will  be  acceptable  to  the  extent  of  one  pore 
per  inch  of  weld  length, 

10.  Tungsten  inclusions  located  in  the  penetration  zone 
will  be  accepted  provided  the  greatest  dimension  of 
any  particle  is  not  over  115  percent  of  tbs  parent  metal 
thickness . 

In  the  welding  of  hydrogen  peroxide  systems,  specific  con¬ 
siderations  must  be  observed  to  ensure  the  passivation  and 
compatibility  >f  the  rubricated  and  assembled  system  with 
hydrogen  peroxide.  These  considerations,  noted  in  Ref.  4.25, 
are  essentially  dependent  upon  the  design  of  tanks  and 
equipment,  which  should  be  such  that  good  welding  techniques 
and  machining  practices  can  he  readily  utilized.  Since 
weld  splatter  on  surfaces  which  will  contact  the  hydrogen 
pe*oxide  will  cause  excessive  decomposition,  the  design 
should  allow, for  removal  of  weld  splatter  if  it  should  occur. 
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Stai ill ess-steel  velds  exposed  to  hydrogen  peroxide  should 
also  be  machined  smooth  if  possible;  however,  aluminum 
velds  should  not  be  wire  blushed  or  machined  because  this 
mny  introduce  impurities  and  thus  do  more  hann  than  good. 
Allowance  for  good  machining  will  result  in  smooth  surfaces 
which  will  cause  less  decomposition  of  the  hydrogen  per¬ 
oxide  than  rough  or  poorly  muchined  surfaces. 


h,  4.  ^.11.1  Aluminum  Alloys.  Weldability  of  aluminum  and  aluminum 

alloys  varies  over  n  wide  range.  Tbe  same  procedures  and 
techniques  are  employed  in  welding  aluminum  and  its  alloys 
as  are  used  in  welding  other  weldable  alloys.  In  general, 
the  less  consti tutcuts  in  the  alloy,  the  more  weldable  the 
a  1 1 oy . 

The  welding  ;  v,J  v,o  bo  of- •»  cted  should  be  of  the  same  compo¬ 
sition  ns  the  parent  metal.  Unlike  other  alloys,  tbe 
aluminum  alloys  do  not  lose  any  appreciable  amount  of  the 
alloying  *  lemon* a  during  welding.  In  most  cases,  dissimilar 
aluminum  alloys,  which  cun  be  welded  individually,  can  also 
be  readily  welded  in  combinations;  the  welding  rod  to  be 
used  should  be  of  tbe  harder  materia1  in  the  conciliation 
(i  ,e.  ,  in  welding  aluminum  ol  lays  1000  and  3052,  a  3632  rod 
would  be  used).  The  use  of  5-pereent  silicon  rods  such 
r. n  43S,  which  are  cummuniy  used  in  aluminum  welding,  is 
not  recommended  for  propellant-grade  hydrogen  peroxide 
service.  During  passivation  and  contact  with  hydrogen  per¬ 
oxide,  such  welds  turn  black  and  muy  cause  decomposition  of 
the  solution.  If  use  of  the  rod  is  required,  subsequent 
sulfuric  acid  anodization  is  necessary  to  stop  the  veld 
from  turning  block  during  passivation.  During  anodization, 
there  may  still  he  some  blackening  of  kJS  welds,  out  this 
discoloration  does  not  seem  to  be  a  prior  indication  of 
an  active  site.  Normally,  a  525,i  welding  rod  is  recommended 
for  welding  of  tbe  bob!  alloy  to  other  alloys. 
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Aluminum  welds  should  not  be  wiro  blushed  or  machined  if 
nt  nil  possible,  because  impurities  mny  be  introduced  into 
the  metal.  In  instances  where  wire  brushing  ia  n  necessity, 
u  "}('()  series  stainlesM-steel  brush  will  be  used,  and  care 
must  be  taken  to  confine  the  blushing  oo  the  immediate  weld 
area . 

Automatic  inert-gas  welding  processes,  such  as  the  Ait comatic 
or  Sigma  processes,  give  excellent  results  when  used  with 
the  propey  welding  rod.  The  welds,  in  general,  arc  nouporous, 
soft,  and  uniform.  Ill cc trod e  tip  cups  should  be  of  stain¬ 
less  steel  tutlicr  than  copper  (or  other  such  materials)  be¬ 
cause  the  latter  might  melt  into  and  contaminate  the  weld. 

Ilclinrc  inert-gas  welding  is,  in  general,  a  satisfactory 
process.  Although  it  has  many  of  the  advantages  of  the 
automatic  processes,  it  does  huve  the  disadvantage  of 
"spitting"  of  tungsten  from  the  tungsten  electrode  into  the 
weld  when  the  arc  is  initiated  and  when  the  arc  is  discon¬ 
tinued;  these  exposed  tungsten  deposits  will  cause  decompo¬ 
sition  of  the  hydrogen  peroxide.  The  tungsten  "spitting" 
may  be  decreased  and,  in  many  cases,  eliminated  by  using 
a  pure  tungsten  electrode,  striking  the  arc  on  a  separate 
piece  of  mutcrial  and  carrying  the  weld  into  the  work, 
and  then  discontinuing  the  arc  on  a  separate  piece.  For 
inert-gas  welding,  where  the  welding  rod  is  not  coated, 
it  is  recommended  that  strips  be  cut  off  the  work  scrap 
and  used  as  the  welding  rod.  Stainless-steel  electrode 
tip  cups  should  be  used, 

The  weld  resulting  from  the  metal-arc  process  has  two  dis¬ 
advantages:  (l)  porosity,  and  (2)  brittleness.  These 
characteristics  arc  highly  undesirable  in  hydrogen  peroxide 
systems,  end  for  this  reason,  the  inert-gas  processes  are 
usually  preferred  and  recommended.  The  metal-arc  process 
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t  ail  bo  used,  however,  far  structural  a  1  unii mini  welding, 

(  Much  a h  tank  supports  oi  ramps,  )  mid  is  quite  suitable 
Id r  (bin  pti rposo . 

(Kyacctyleuc  gas  welding  also  lias  two  undesirable  features 
(for  hydrogen  peroxide  system  welds)  when  eompared  to  the 
inert-tire  processes.  These  are:  (l)  the  excessive  heat  re¬ 
quired  causes  varpnge,  and  (ii)  the  1’lux  tentls  to  be  it  tipped 
in  the  weld.  However,  the  welds  are  satisfactory  Irani  a 
at  length  point  of  view  and,  if  the  noted  disadvantages  can 
be  tolerated,  this  proeess  is  acceptable.  Oxyae ety  1  cite  gas 
welding  has  been  utilized  for  pipe  and  email  parts  made  of 
aluminum  when  highly  skilled  and  experienced  welders  are 
available.  Thin  sections  can  be  welded  more  sati  sl'aetoi  i  ly 
with  tliis  type  of  welding.  Napolitan  welding  flux  or  its 
equivalent  is  recommended  lor  use  in  gas  welding. 


Stainless  Steel .  Inert-gas  and  metal  are-welding  pro¬ 
teases  arc  satisfactory  in  the  welding  of  stainless  steel 
for  hydrogen  peroxide  systems.  The  inert-gas  process  is 
preferred  because  the  inert-gas  blanket  results  in  a  weld 
with  less  foreign  material.  In  general,  thorinted  tungsten 
electrodes  are  used.  Standard  welding  procedures  should  be 
used  for  both  of  these  processes,  and  it  is  necessary  that 
aj i  welds  be  of  high  quality,  smooth,  homogeneous,  and  free 
of  inclusions  and  blowholes.  Carbide  precipitation  during 
welding  must  be  avoided  by  the  use  of  stabilized  alloys 
such  us  3'i7  or  321  or  the  extra  low-carbon  alloys,  3C,i  or 
310. 

After  a  weld  is  completed,  all  weld  scale  should  be  removed 
with  a  300  series  stainless-steel  brush,  nnd  the  inner  weld 
surface  should  he  ground  with  a  white  aloxide  wlieel  to  a 
maximum  3-  rms  finish. 
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Aliy  insta  1  lation  of  a  flutist'  or  discharge  pipe  at  the  low 
point  of  a  hydrogen  peroxide  tank  should  be  welded  from  the 
tank  interior  and  ground  smooth  prior  to  welding  the  Lottom 
closure  in  place. 

NOTH:  A  carborundum  wheel  should  not  be 

used  for  grinding,  or  else  iron  will  be 
deposited  in  the  metal  surface. 

A  narrow  and  thin  stainless-steel  hacking,  ring  should  be 
installed  ut  the  weld  placement  in  vertical  tanks. 

Polishing  of  stainless  steels  following  welding  is  generally 
unnecessary  but,  for  certain  borderline  eases,  it  may  im¬ 
prove  the  compatibility  of  the  metal  with  the  hydrogen  per¬ 
oxide  by  smoothing  the  surface.  In  general,  the  smoother 
surfuce  will  provide  a  lower  rate  of  hydrogen  peroxide 
decomposition.  For  mechanical  polishing,  n  wet  or  dry 
paper  (aluminum  oxide  abrasive)  with  a  kerosene  lubricant 
can  be  used. 

Flectropol isbing  of  stainless  steel  has  also  been  effective 
in  improving  the  compatibility  of  steel  for  hyd . ogen  per¬ 
oxide  service.  For  routine  hydrogen  peroxide  applications, 
electropolishing  is  not  required  because  stainless  steel 
is  usually  only  applied  in  limited  conduct  time  service. 

For  special  applications,  electropolishing  of  stainless 
steel  might  be  justified,  and  in  such  cases,  standard 
electropol  i sliiug  techniques  should  be  used. 


4. 4. 3. 3  Bi  ~a/. ing  and  Soldering.  Brazing  and  soldering  techniques 

are  not  recommended  for  application  in  hydrogen  peroxide 
systems.  The  joints  piodueed  by  these  methods  are  usually 
incompatible  with  the  propellant. 
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<•.'<. 3. 'i 


4. '1.3. 5 


Median  i  t_n  ]  do  i  ni  h .  The  rdwmUigcH  of  relatively  leak- free 
a  1 1  - vc  hied  transfer  hj  H(nnu  me  obvious.  from  a  |nml  mil 
standpoint,  Imvi'vcr,  some  type  of  .joint,  whether  flanged  or 
ot hcivi hc ,  in  lcqmrcd  to  provide  adequate  a.  stem  flexibility 
bmal  1  vnlvca  and  eoiupoiieu t h  Hliould  be  si  levied  with  AN 
fjnrcd-typc  connections.  Large  valves  and  components  Hliould 
be  Heleeted  with  flanged  connections.  I  n  at  nmieiita  t  i  on  con¬ 
nections  Hliould  be  of  the  AN  type,  and  tan  be  provided  b.\ 
welding  boas  fittings  on  large  pipelines  or  by  installing 
tee  fittings  on  huiuII  line  a. 


1 n  spec  t l on .  In  the  eonat  nut  ion,  installation,  and  modifi¬ 
cation  of  Hydrogen  peroxide  systems,  iuapectiou  is  important 
to  enaure  quality  of  materiula;  adherence  to  design  specifi- 
eationa;  and  proper  fabrication  teelaiiquea.  llefure  iu.stal- 
lation,  each  piece  of  equipment,  Hitch  ua  pump*,  flex  .joints, 
Vulvea,  filters,  etc.,  will  be  inapected  and  tcated  for: 

1.  Cleanliness 

2.  Troper  lubricants  (if  allowable) 

3.  Leakage,  internal  and  external 
ti .  Treasure-proof  teat 

5.  Sealant  and  gnaket  materiula 
0.  Proper  operation 
7-  1  rcedoin  from  defects 

H.  Adherence  to  applicable  specif  i  cot  ions — type,  size, 
rating,  dimensions,  etc. 

Piping  and  tubing  sections  will  be  inapected  ni.d  tcateil  for: 

I.  Conformance  to  dcaigu  apeci  ficutiona  und  building  codes 

2.  Identity  and  quality  of  materials  of  construction 

3.  Adequacy  of  supports;  freedom  from  "cold  spring" 
k.  Cleanliness 


5.  Proper  fabrication  workmanship 
C,  Proof-pressure  and  leuk  touts 
7  Prone r  instill  latiuu  of  flex  joints 

Electrical  installations  mu)  equipment  will  be  inspected 
and  tested  for: 

1.  Conformance  to  design  specifications  and  applicable 
codes 

2.  Adequate  grounding 

3-  Insulation  resistance 

k .  Circuitry  continuity  and  proper  termination 

3.  Workmanship  und  fabrication  technique 
0.  Proper  support  of  conduits  and  wiring 

Instruments  (flowmeters,  gages, t ransducers,  etc.)  will  be 
shop  tested,  and  calibrated  and  certified  with  due  regard 
to  using  conditions,  fluid  density,  operating  range, 
material  identity,  vepeatahi 1 i tv ,  end  sealing  capability 
These  instruments  oust  be  inspected  foi  clcunlincss  prior 
tu  installation. 

Hoads,  buildings,  structures,  etc.,  should  he  inspected 
for  conforounce  to  design  speci f icat lona  und  building  codes. 


Hydrostatic  and/or  l^ieumatic  Tests.  All  components  and  tanks 
to  be  placed  in  hydrogen  pcro*idc  service  should  undergo 
applicable  hydrostatic  and/or  pneumatic  piooi  testing  be¬ 
fore  they  are  clcaued  and  passivated. 

NOTE:  Hydrostatic  testing  should  be 
conducted  with  water. 
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After  passivation,  all  proof  and  leak  testing  should  be 
conducted  only  with  deionized  or  distilled  water,  or  with 
clean,  filtered,  hydrocarbon-f rec  nitrogen  gas  or  nir. 


k.5  DECONTAMINATION  AND  DISPOSAL 

The  initial  step  in  the  decontamination  of  equipment  or 
facilities  and  subsequent  disposal  of  hydrogen  peroxide  is 
its  dilution  with  large  quantities  of  water.  All  facilities 
which  store  and  handle  hydrogen  peroxide  should  be  equipped 
with  an  adequate  water  supply  to  ensure  a  maximum  dilution 
of  the  hydrogen  peroxide  prior  to  its  flush  into  the 
facility  drainage  system.  Normally,  dilution  to  3  w/o 
II  02  or  leas  should  be  completed  before  the  hydrogen  per¬ 
oxide  solution  is  dumped  or  pumped  into  the  drainage  sys¬ 
tem  (which  should  terminate  in  a  large  body  of  water). 
Further  dilution  is  required  before  dumping  into  a  public 
water  table.  Under  no  circumstances  should  hydrogen  per¬ 
oxide  be  dumped  into  sewers  or  drains  that  lead  to  public 
water  tables,  unless  this  mnximum  dilution  has  been  per¬ 
formed  at  the  originating  site, 

h. 5.1  Equipment  Decontamination 

Equipment  being  removed  from  service,  temporarily  flushed 
of  residual  propellant,  and/or  being  decontaminated  of 
possible  impurities,  is  normally  flushed  with  distilled 
or  deionized  water.  Emergency  decontaminations  may  use 
water  supplied  by  the  normal  facility  water  or  "firex" 
(fire-fighting  equipment)  systems.  Once  flushed  from  the 
equipment,  the  hydrogen  peroxide  should  be  diluted  further 
with  facility  or  "firex"  water. 
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The  decontamination  of  gross  spillage  or  leakage  at  a 
facility  is  best  accomplished  through  the  use  of  a  facility 
floor  flush  or  a  flooding  water  spray  system.  Lurgc-volume 
fire  hoses  may  be  used  as  a  substitute  technique,  but  the 
method  of  attack  should  preclude  washing  concentrated  hydro¬ 
gen  peroxide  solutions  into  the  drainage  system  ahead  of 
the  dilution  water.  Ordinary  garden-type  hoseB  can  be  used 
for  small  spills  or  for  rinsing  hydrogen  peroxide  from  the 
outside  of  equipment. 

CAUTION:  Unless  an  emergency  exists 
(and  massive  water  spray  of  equipment 
is  required),  care  should  be  taken  in 
flushing  the  outside  of  the  equipment 
to  prevent  water  damage  to  the  attend¬ 
ant  electrical  and  control  systems. 


All  facility  flushing  should  be  thorough  and  can  be  con¬ 
ducted  with  normal  facility  water. 


Drainage 


All  hydrogen  peroxide  facility  drainage  ditches  (or  other 
spillage  catch  basins)  should  be  open  and  lined  with 
impervious  acid-resistant  concrete.  These  ditches  and 
catch  basins  should  be  kept  clean  of  debris  and  combustible 
material.  The  use  of  the  hydrogen  peroxide  drainage  sys¬ 
tem  for  other  chemical  dumps  should  be  prohibited  unless 
an  adequate  water  flow  is  maintained  to  ensure  maximum 
dilution  and  drainage  system  flushing  of  all  chemicals. 

The  main  drainage  ditch  should  be  supplied  with  a  large 
water  flush  outlet  at  the  highest  point  of  hydrogen  peroxide 
drainage  and  should  be  fenced  from  the  facility  to  the 
catch  basin.  The  design  of  the  facility  should  be  such 
that  all  areas  are  adequately  drained  by  gravity  into  the 
main  drainage  system. 


4. 5.h 


Catch  basins 


Because  hydrogen  peroxide  dumping  into  public  water  tables 
can  be  potentially  hazardous  if  it  lias  not  b^en  sufficiently 
diluted,  most  facilities  utilize  a  catch  basin  which  either 
stores  the  water  for  facility  recirculation  or  acts  as  a 
settling  or  dilution  pond  prior  to  drainage  into  u  public 
water  table.  In  either  situation,  the  hydrogen  peroxide 
is  diluted  or  reacted  further  with  other  chemicals  (con¬ 
tained  in  the  catch  basin)  to  form  water  solutions  that 
are  nontoxic. 


4.5.5 


Final  Dilution  Requirements 


Although  locnl,  state,  and  federal  codes  are  not  sufficiently 
clear  with  respect  to  regulation  of  hydrogen  peroxide  dump¬ 
ing  into  public  streams,  lakes,  etc.,  it  has  been  generally 
accepted  that  dilution  to  less  than  3  w/o  11^0,,  concentration 
is  required  to  ensure  human  safety. 


In  a  bioossay  study  conducted  by  t lie  Acudenjy  of  Natural 
Sciences  of  Philadelphia  for  E.  I.  duPont  ue  Nemours  and  Co. 
(lief.  4.67),  a  concentration  of  165  ppm  Ho0o  in  water  at 

tv 

~70  F  (with  a  dissolved  oxygen  content  of  5  to  9  ppm) 
resulted  in  a  100-percent  mortality  rate  of  fish  (4  to  10 
centimeters  long)  of  the  Lepomis  raacrochirus  Itnf.  (blue- 
gill)  species,  which  had  been  exposed  to  the  contaminated 
water  for  a  period  of  24  hours.  The  resulting  24-hour  TL 

m 

(maximum  threshold  limit)  for  these  species  was  65  ppm  at 
a  solution  pH  of  7  and  90  ppm  at  u  solution  pH  of  8.5. 


Internal  regulations  used  by  the  Rocketdyne  Division  of 
North  American  Aviation,  Inc,,  have  established  a  maximum 
concentration  of  100  ppm  H()0„  for  water  dumped  into  public 
water  tables;  these  regulations  huve  been  accepted  by 
local,  state,  and  federal  authorities. 
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TAULL  4.2 


A  COMl’AlilbON  Cl  TIIL  11A1L  01  DLCOMTOM  1  ION  01  90  v  o  IIYDUOULN  I’UIUXIDL 
MANU1 ACTUIILO  IN  1047,  19>3 ,  AND  1905^ 


tiled  ol  lcmpcruture  _________ 

Rate  of  Decomposition  (AUL) 


Temperature,  I* 
80 
151 
212 


( 2) 
1947'  ' 

1953^ 

1  per  year 

1*  per  veck 
2J 6  per  day 

0.5  to  1.0*  per  year 
10*  per  year 

4 *  per  vccli 

0 . 1 *  per  yt i  r 
1*  per  year 


Lffcct  of  Contamination _ 

Decomposition  Rate  at  212  F 


Additive  to  90  v,  o  H.,0,, 
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day 

1* 

per 

day 

A1 

10 

mg/l i ter 

2 * 

per 

day 

- 

Cr 

0.1 
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per 
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per 
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per 
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Cu 

0.1 

mg/l iter 
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per 
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per 
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Fe 

1.0 
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ptr 

day- 
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Zn 

A  V 

/ 1  f  4 

"V4/  *1VC1 

1 

1  vjfc 

pci 

day 

- 

Sn 

10 

mg/l iter 

2* 

per 

day 

-- 

^  ^Data  reported  on  generalised  criteria  from  teats  using  assorted 
test  parameters  and  techniques;  da *_a  general ly  represent  tests 
under  minimum  S/V  conditions. 

(2) 

Data  reported  in  Ref.  4.3 

(’) 

Data  reported  for  99*  v/o  U,>0o  in  borosilicate  glass  containers  Qtef.  4.5) 

(*) 

Data  reported  in  Ref.  4.1 

(5) 

Data  reported  in  ikf.  4.4 
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CRITERIA  FOR  CLASSIFICATION  OF  MATERIALS  FOR  HYDROGEN  PEROXIDE  SERVICE 
ON  THE  BASIS  OF  LABORATORY'  TESTS  (REF.  4.25) 
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TABLE  4.14a 

COMPATIBILITY  OF  90  w/o  HYDROGEN  PEROXIDE 
WITH  POTENTIAL  LUBRICANTS^ 


NO  VISIBLE  REACTION 

Halogenated  Aliphatic  Hydrocarbons 

Polytetraf luoroethy lene  (solid) 

Tetraf luorocthylene-hexaf luoropyropj'lene  copolymer  (solid) 

Polychlorotrif luoroethylene  (molecular  weight  <  800) 

Polychlorotrif luoroethylene  (molecular  weight  >  800) 

Perf luorokerosene 

Dispersion  of  Polytetraf  luoroethylene  in  Tr  .ichlorotrif  luoroethane  (solid) 
PerchloropentacycloJecane  (solid) 

Perf luorodiethylcyclohexane  (mixed  isomers) 

Dichlorodecaf luoroheptane 

Chlorof luoro  Hydrocarbon  (approximate  molecular  weight  725) 

Chlorofluoro  Hydrocarbon  (approximate  molecular  weight  1000) 

Fluorinated  Hydrocarbon  (77*4  percent  F;  approximate  molecular  weight  640) 

Polychlorotrif luoroethylene  (approximate  molecular  weight,  775; 

80  percent  halogens) 


Silicon  Compounds 

Silicon  Fluorides 

Tri(p-trif luoromethyl  phenyl)  Silicon  Fluoride 
Trilaurysilicon  Fluoride 

Tris  (JiSiS-trimethv’hexyl)  Silicon  Fluoride 
Dimethylpolysiloxanes 

Dime thy lpolysiloxane  (2  to  500  Cs) 

Fluoropolysiloxanes 

HCF2(CF3)5CH20[Si(CH5)20JnCH2(CF2)5CF2H,  Fluoropolysiloxane ,  n  =  1-26 
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TABLE  4.14a 
(Continued) 

NO  VISIBLE  REACTION  (Continued) 

Cyclic  Fluorosiloxanes 

Cyclic  Fluorosiloxane  (solid) 

CH^(K)Si0Si(CH3)(R)0Si(CH^)(R)0 
R  =  CF3CF2CF2CH2- 

Cyclic  Fluorosiloxane  (solid) 

CH3(R)Si0Si(CH3)(R)0Si(CH3)(R)0 
R  -  CF5CH2CH2- 

Fluorosiloxane  Elastomer  (solid)  Made  From 
CF3(CH2)2Si(CH3)C2 

Cyclic  Fluorosiloxane  (solid) 

CH1(R)SiOSi(CH?)(R)OSi(CH^)(ft)^ 

R  =  CF3CF2CF2CH2- 

Mixed  Cyclic  Fluorosiloxane  (solid) 

CH_(R)Si0[Si(CH_)(R)0]  Si(CH,)(R)0 

'  1  -  ■  J-  —  R  ■—  ■  ■  1 

R  =  CF3CF2CF2CH2-  n  =  3  and  higher 

Dime thy lpolysiloxane-Cyc lie 
Fluoropolysiloxane  Blends 

Fluorosiloxane  Grease  (No.  33  +  inorganic  gelling  agent) 

Fluorosiloxane  Grease  (No.  34  +  inorganic  gelling  agent) 

Mixed  Dimethylpolysiloxane  and  Cyclic  Fluoropolysiloxane 

Mixed  Dimethylpolysi loxane  (average  molecular  weight  <  previous 
compound) 


Halogens ted  and  Nonhalogenated  Aromatic  Hydrocarbons 

3-Heptyl-m-terphenyl 

Isopropyl-m-terphenyl 

Dinonyl naphthalene  (mixed  isomers) 

1,3-Bis  (trif luoromethyl)  Benzene 


312 


1 


TABU)  4.14a 
(Continued) 

MO  VI8IBIE  REACTION  (Continued) 

£»3»5,6-Tetrachlorof luorobenzene  (solid) 
l,3»5-Trimethyl-2,4 ,6-Tr if luorobenzene  (solid) 
1,3, 5~Tr ime thy 1-2 , 4  -Dif luorobenzene 
Hexaf luorobenzene 
2,5-Dichlorobenzotrif luoride 
2-Fluorobiphenyl  (solid) 

3,3'-Dif luorobiphenyl  (solid) 
4,4'-Difluorobiphenyl  (solid) 

3,6,4'-Trif iuorobiphenyl  (solid) 


Eater* 

Mixed  Fluoroalkyl  Camphorates  Fluoroalkyl-HCF2(CF2)n  CHg-  n  =  3,5, 

Bis-IH, lH,5H-perf luoropentyl  Camphorate 

Bia-IH, 1H, HH-perf luoroundecyl  Comphorate  (solid) 

Tetrabutyl  Pyromellitate 
Mixed  Fluoroalkyl  Pyromellitates 

Bis  (2, 2 ,3, 3,4 ,4,5,5 ,-octaf luoropentyl )3-methylglutarate 
Bis  (2,2,3,3,4,4,5,5,6,6,7,7,-dodecaf luoroheptyl)3-methylglutarate 
2, 2, 3, 3, 4, 4, -Hexaf luoropentyl  1,5-bis  (trinsethyl  acetate) 
pin ( 1 -methyl eye lobexy  Isacthy I )  Sebacate 

Poly  (1,1,5,5-tetrahydrohexaf luoropentamethylene  adipate)(sol id) 
Bis  (2-ethylhexyi)  Chlorendate 
Dibutyl  Chlorendate 


Nitrogen  Compounds 

Hexadecytriphenylurea 
2,2'-Binitrophenyl  Ether  (solid) 
4 ,4 '-Dinitrophcnyl  Ether  (solid) 
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TAbJ-J  4.14a 
(Continued) 

NC  VISIBLE  REACTION  (Continued) 

2,0-Dif luoro-3>5-dinitrochlorobenzene  (solid) 

2 , 4-Dini tro-5 -f luorobromobenzene  (solid) 

Perf luorotributylaraine 


Perfluoro  Compounds 

Polytetraf luoroethylenc  (solid) 

Tetraf luoroethy lcnc-hexaf luoropropylene  Copolymer  (solid) 

Perf luorokerosene 

Perf luorodiethylcyclohcxane  (mixed  isomers) 

Mixed  Perf luorocyc lie  Ether,  Cg  F16°  (five-  or  six-membered  ring  with 
side  chain,  oxygen  in  the  ring® 

Perf luorotributylamine 

Perf luorodihexyl  Sulfide 

4-Chloro-3,5-dif luoronitrobenzene  (solid) 

3,3'-Dif luoro-4 ,4 '-dimethoxybiphenyl  (solid) 


Etligry 


Bia(m-phenoxypheny 1 )  Ether 

1 .4- bis(eresoxy)  Benzene  (mixed  isomers) 

cf3cf20(cf2)2sf5 

2,2'-Dinitrodij»heny  1  Ethei  (solid) 

4 ,4 '-Dinitrodipheny 1  Ether  (solid) 

4-F 1 nor o-6-methoxyacct anil ide  (solid) 

3 » 3 ’ — Di f luoro-4 ,4 '-dimcthoxydiphenyl  Sulfoxide  (solid) 

3.5- Dif luoro-6-methoxyacctanil ide  (solid) 

Mixed  Perf luorocyc lie  Ether,  CgFj^O  (five-  or  six-membered  ring  with 
side  chain,  oxygen  in  the  ring; 
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TABU:  4.14a 
(Concluded) 


SOLUBLE  IN  90-PERCENT  WITH  NO  VISIBIE  SIGN  OF  REACTION 

2,2,3,3,4,4,5,5-Octaf luorohexyl  1,6-bis  (trimethylacetate) 

2,2,3,3,4,4,5,5-Octaf luorohexyl  1,6-bia  (3,3-dimethylbutyrate) 
Diethyiene  Glycol  Succinate  Polyester 
Chlorotetraf luorobenzotrif luoride 
p-bis(m-trif luoromethylphenoxy)  Benzene 


PARTLY  MISCIBLE 

2, 4,6,3' »5'  Pentaf luorobiphenyl  (lO-pcrcent  decrease  in  volume) 

3,3'  Dif luoro-6,6'  dimethoxybiphenyl  (solid;  20-percent  decrease 
in  volume) 

p-chlorobenzotr if luoride  (2G~percent  decrease  in  volume) 


SOME  COLOR  CHANGE 

Bia(p-phenoxyphyepyl)  Ether  (solid) 

3 , 5-Dif luoroni tr obenzeue 


GELLED  ON  MIXING 

Tetrachlorodiphenyl  Ethe  (solid) 


^^Data  taken  from  Ref.  4.33 

^^Buring  testing,  1  milliliter  (liquid)  or  1  gram  (solid)  was  mixed 
with  1  milliliter  of  90  weight  percent  HgOg. 


tabu;  4.15 


RECOMMENDED  JOIN!’  SEALING  COMPOUNDS  FQH  USE  WITl^1) 
90-  AND  98 -PERCENT  HYDROGEN  PEROXIDE 


Name 

Supplier 

Formulation 

Class 

Remarks 

Dixscel 

Dixon  Corp. 

Teflon 

1 

Suitable  for 
small-pipe  service 

T-Film 

Eco  Engineering 

Dispersion 

Teflon-Water 

1 

Suitable  for 
small-pipe  service 

Teflon  Tape 

Various 

Teflon 

1 

Suitable  for 
most  applications 

NOTE:  Use  sparingly  to  prevent  curry-off 
into  the  H2O2  stream.  Avoid  threaded  con¬ 
nections;  use  AN  flares  and  flanges. 


Compounds  Not  Recommended 


Compound 

Supplier 

Calbar  CB  Pipe  Seal 

Calbar  Paint  &  Varnish 

Crane  Thread  Lubricant 

Crane 

Fe 1-Pro,  C-5 

Felt  Products  Mfg. 

Graphite  Paste 

Key  Graphite 

Goop  (blue) 

Carl  A.  Pearson 

Goop  (silver) 

Cari  A.  Pearson 

Cyl-Scal 

Molybdenite  Pipe  Dope 

Permatex,  Aviation  Form  A  Gasket  No.  3 

West  Chester  Chemical 

OS-18  Lubricant 

Monsanto  Chemical 

Pccora  Compound 

Pecora  Paint 

Plastic  Metal  No.  22 

National  Engineering 
Products 

Rutland  Pipe  Dope 

Rutland  Fire  Clay 

Skydrol 

Monsanto  Chemical 

Weco  No-Gall 

Well  Equipment  Mfg 

X-Pando 

X-Pando  Corp. 
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TABLE  4.15 
(Concluded) 


Compound 

Supplier 

Kel-F  Grease  No.  90 

Minnesota  Mining  &  Mfg. 

Tin  Plating  on  Aluminum  6061 

Alcoa  Thread  Lubricant 

Alcoa 

Rectorseal  No.  15 

Rector  Well  Equipment 

Recommendations  taken  from  Ref.  4.25 
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EVALUATION  OP  CLOTHING  MATERIALS  FOR  CONTACT  WITH  90  V/0 
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when  soiled  vith  catalyst. 


CLOTHING  MATERIALS  NOT  SUIT  ABLE  FOR  USE  WHEN  HANDLING 


o 

5* 

o 

On 
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Data  taken  froa  Ref.  4.25 


COMPATIBILITY  OF  VARIOUS  METALS  WITH  98  V/'O  HYDROGEN*  reRCKIDE 

AT  HIGH  TEMFERATLRES  ^ 1  ^ 

(Exposure  at  2?0  F  for  1  Hour) 
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TABLE  4.19 

(Concluded) 
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TAME  4.20 


COMPATIBILITY  OF  90-PERCENT  HYDROGEN  PEROXIDE  WITH 
1000  AND  1100  ALUMINUM  ALLOYS^ 


Exposure 

Percent 

Material 
Fonu*^  * 

Surface 

Condition 

Temperature , 

I 

Time , 
days 

AOL 

ml 

Exposure 

Response 

1000  Alloy 

Diuiiiodi  zed 

I IMS  yo 

no 

10 

0.2 

92.3 

No  effect 

1000  Alloy, 
H12  Temper 

Uuanodi/.ed 
IlMS  89 

110 

10 

0.2 

HI 

No  effect 

1000  Alloy 

Anodized 

IlMS  90 

no 

10 

0.3 

97.2 

No  effect 

1 000  Alloy, 
1112  Temper 

Anod i zed 

IlMS  89 

no 

10 

0.3 

97.5 

No  effect 

1000  Alloy 

Uuunod  i  zed 

75 

10 

0.0 

98.8 

No  effect 

1000  Alloy 

Una  iodized 

40 

10 

0.7 

99.0 

Discolored 

1100  Alloy 

Uuunod i zed 
IlMS  20 

no 

10 

1.4 

95.2 

White 
coat ing 

1 100  Alloy 

Anodized 

IlMS  20 

no 

10 

2.0 

90.7 

Urey 
coat i ug 

^  ^Datn  tuken  from  Ref.  ^ .  10,  4.12,  and  4.13. 

(  2 ) 

-  'Passivation  procedure  CVA10-02u;  no  surface  treutiueui; 
Burface/voluiue  ratio  =  0.38  in.- 
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Data  taken  frota  Ref.  4.14,  4.15. 

Thickness  =  0.063  in.;  surface/ volinje  ratio  =  0.3 8  in 


TABLE  A. 21 
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TABU  4.21 
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TAB  IE  ^ .21 
(Continued) 
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TABI£  4.21 
(Concluded) 
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COMPATIBILITY  OP  90  v/o  HYDROGEN  PEROXIDE  WITH 
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COMPATIBILITY  OP  90  v/o  HTDROGSJ  PHIOXTDE  WITH  321  STAINLESS  STEEL^1^2^ 
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(Continued) 


3J6 


Surface  Passivation  Surface  _  Exposure _ Percent 

Condition  Procedure  Po sttreatoent  Temperature,  F  i  Tine,  days!  AOLlStabil 


TABLE  4.24 
(Continued) 


yio 
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Surface/voltas*  ratio  -  0.38  in. 


COMPATIBILITY  OF  90  v/o  HYDRO  G^'  PEROXIDE  WITH  SELECTED  STAINLESS  STEEL 
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1)  Data  taken  from  Ref.  4.15 

2)  Surface/voluoe  ratio  =  0.38  in. 


TABLE  4.25 
(Concluded) 
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Data  taken  from  Ref.  4.12  and  4.16 

0.063-inch  sheet  stock;  surface  condition  as  fabricated 
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Data  taken  from  Ref,  4.16  and  4.17 

Sheet  thickness  =  0.063  inch;  surf ace/ volume  ratio  (s/V)=  0.38  in 
except  where  otherwise  noted 


Exposure 

Passivation  Surface  Temperature,  Time,  Percent  Exposure 

Procedure  Post treatment  F  days  Percent  AOL  Stability  Response 
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Walter  Kidde  None  110  10  3*2  99*3  No  effect 

520007 

(S/V  =  0.76/in.) 


TJffiLE  4.27 
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1^  Data  taken  from  Ref.  4.16  and  4.17 

2)  Surface  condition  as  fabricated;  surf ace/ volume  ratio  ~  0-3?  in. 


COMPATIBILITY  OF  90  v/o  HYDROGEN  PEROXIDE  WITH  SEI£CTED  PUSTICS 
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Data  taken  from  Ref.  4.17 
Surface/voluae  ratio  *  0.39  in 


(Cone luded) 


COMPATIBILITY  OF  90  v/o  HYDROGEN  PEROXIDE  WITH  SELECTED  COMPOSITE  MATERIALS 
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Data  taken  from  Ref.  4.11 
Surface/volmae  ratio  =  0.38  in 
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(Concluded) 


352 


►,  t^NNH  K\  00 

-  m  hSwoo  «•*  «-<  r°> 

CM  *J  t''»PPPPPOQ?M<-lI>r-lCM*'P  tC\ 

►i  M  ‘V  OOOOOOOOOOO^^'^hOOnO 

cm  u  doodododooWH  nooho 


tj,oocM<7>ooa\r/^rHr-<f>'^o^'p 

JOJTQJ'PlAlnHHHiMO 

3888888838888 

o  o’  o’  o’  o  o’  o'  o’  o’  o"  o  o’  o'  o' 


C\ 

K\  00  CM 
r-1  O  -Jr 
O  O  r-t 


vp  0v  ao  .*  00 
«  Q'JS'd 
®  r\H  h  h 


ir\  00  o-n  l~n  vo 

OvK'vOvincM  o  in  vo 

Cv 

o  6  0  0  »  0  -i  h  o  co  .v 


0000000000000-3,'“<000  “. 
OOOOOOOOOOK'tr'lTvOO>— <o 


ocftn  ao  vp  vo  irv  ov  <-<  00  inirunn  irv  10,  cm 
OWI^HO'ivOHOOWHOIOO'O'O 

h  oi  h  pi  ci  oi  h  cJ  w  m’  h  eJ  w  h  o’  o’  h* 


.O  W) -h  t*  J*  M  *f*»  B  «  «  V  « 

.O^J^3^3,XJ^)J3rO  O'  o  H  O  ,£»  kO  ,0  ,£> 

(acga«<iiQ't(9ciiiagg)ii 


C  w  u> 

€>  a>  a> 

-fj  +-> 

WWW 

awn 

aaaaaocnoadaaaaad 

•rH  *H  *H  'H  *H  'H  *H  *H  *H  'H  *H  *H  *H  *H  *H  -H  -H 

0  §  S  I  S  0  0  6  0  IS53  8  S  I  I 

SQQQQQQQOO^T^r^T-^-^a^O' 
CI6IC4CJCIC4CMCMCNICMOQQPPC4CM 


TABLE  4.31 
(Continued ) 


t 


354 


TABLE  A. 31 
(Contirmed) 
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TABLE  4.31 
(Concluded) 
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TABLE  4.31a 


PROCEDURES  USED  FOR  SURFACE  PREPARATION 
IN  TABLE  4.31 

Nate  Preparation  Procedure 

a  Sample  degreased  in  aromatic  solvent  followed  by  a  rinse  in 

acetone,  all  at  room  temperature 

b  Sample  submerged  in  1-percent  NaOH  for  10  minutes  at  room 

temperature 

c  Sample  submerged  in  10-percent  NaOH  for.  16  hours  at  room 

temperature 

d  Sample  submerged  in  1-percent  HNO,  for  3  minutes  at  room 

temperature  J 

e  Sample  submerged  in  35-percent  HNO,  for  16  hours  at  room 

temperature 

f  Sample  submerged  in  HP-90  until  used  for  test,  at  room 

temperature 

g  Sample  submerged  in  stabilized  HP-90  at  the  t3inperature  of  the 

test  for  1-  to  16-hour  periods,  followed  by  repeat  treatments 
with  fresh  KF-90  until  steady-Btate  conditions  appear  to  be 
achieved 

h  Sample  submerged  in  fused  stearic  acid  for  1  hour  at  80  to  100  C 

issued  iately  after  treatment  by  Procedure  b 

i  Sample  submerged  in  2-percent  ethylene-diaminetetraacetic  acid 

in  30-perceut  HgSO^  for  30  minutes  at  80  to  90  C 

j  Sample  submerged  in  1-percent  disodium  ethyienediaminetetraacetic 

acid  in  35-percent  HNO^ 

k-  Sample  submerged  in  fused  phthalic  anhydride  for  1  hour  at  140 

to  130  C  iamied  lately  after  treatment  by  Procedure  b 

1  Sample  submerged  in  Viscasil  100,000,  then  wiped  dry  with  absor¬ 

bent  tissue 

m  Sample  submerged  in  83-percent  H_P0.  for  16  hours  at  room 

temperature  ^ 
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TABLE  4.31a 
(Concluded) 


Preparation  Procedure 

Sample  submerged  in  35-percent  IINO^  to r  1  hour  at  50  to  70  C 

Sample  submerged  in  1-percent  Viscasil  in  benzene,  dried,  re- 
submerged,  and  dried 

Sample  anodized  in  25-percent  IL_P0.  at  1  amp/sq  decimeter  for 
6  minutes  at  room  temperature  ^ 


Samples  submerged  iu  2-percent  NaOlI  for  2  hours,  then  in  2-percent 
1IN0_  for  10  minutes,  then  zincated.  Samples  zincated  in  16- 
percent  Na^ZnOg  -  40-percent  NaOII  solution  for  30  seconds  at  room 
temperature.  Samples  were  then  rinsed  veil  and  submerged  in 
2-percent  IINO-j  for  1  minute.  Samples  were  then  zincated  again, 
rinsed,  and  submerged  in  2-percent  HNO-j  for  1  minute  again. 

Samples  vere  then  electroplated  by  submerging  in  6.4-percent 
stannous  sulfate,  5.0-percent  sulfamic  acid,  0.5-percent 
dihydroxydiphenyl  sulfone  solution  vith  the  current  on  and  main¬ 
tained  for  6  minutes  at  room  temperature  at  0.022  amp/cm^ 

(20  amp/sq  ft).  Samples  vere  then  rinsed  veil  and  submerged  in 
HT-90  for  20  hours. 


Samples  previously  plated  by  procedure  s  vere  given  an  additional 
tin  plate  by  submerging  in  5. 0-percent  stannous  sulfate,  5.0- 
percent  sulfuric  acid,  5.0-percent  sodium  sulfate,  0. 4-percent 
gelatin,  0.2-percent  m-cresol  solution  vith  the  current  on  and 

*.n  f  C.  _ X  _ r-X _  « X  A  AAA  _  / _ O 

juuxutuiiicu  x  ui  \j  uuuutco  a  \f  iuuiu  luupct  a  tui  c  u  1  \j  •  amp/  Cui~  • 

Samples  vere  then  rinsed  veil  and  submerged  in  UD  —90  for  20  hours. 


Samples  vere  treated  as  in  procedure  8  through  the  first  zincating 
step.  Samples  vere  then  zinc  electroplated  in  0. 05-percent  zinc 
chloride,  0. 05-percent  sodium  cyanide,  1-percent  sodium  hydroxide 
solution  for  1  minute  at  room  temperature  at  0.022  amp/cm2. 

Samples  vere  then  rinsed  and  submerged  in  2-percent  HNO^  for 
1  minute  and  then  tin  electroplated  as  in  s.  The  tin  plate  vas 
then  fused  in  a  furnace  at  265  C  and  then  tin  electroplated  a 
second  time.  Samples  vere  then  rinsed  veil  and  submerged  in 
HP-90  for  20  hours. 
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COMPARISON  OF  THE  VARIOUS  METHODS  OF  TANK  TE 


450 


375 


90  92  94  96  98  100 

H202  CONCENTRATION,  WEIGHT  PERCENT 


Figure  4.1.  Stability  of  Hydrogen  Peroxide  as  a 
Function  of  Concentration  (Ref.  4.2) 
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HYOROGEN  PEROXIDE  DECOMPOSED,  PPM  HYDROGEN  PEROXIOE  DECOMPOSED, PPM 
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TESTS  CONDUCTED  70  TO  72  F  IN  1-GALLON 


4Sd  '3sia  sanssaad 
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OVERALL  DECOMPOSITION  RATE,  PERCENT  AOL/DAY 


TEMPERATURE,  C 
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Figure  h. 7.  Effect  of  Surface  to  Volune  Ratio  on  the  Doconposition  Rate  of 
99  Weight  Percent  Hydrogen  Peroxide  During  Storage  (Ref.  h. 5) 


OXYGEN  LOSS,  W/O-HOUR 


DECOMPOSITION  RATE,  PERCENT  AOL/DAY  AT  212  F 
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VOLUME  OF  OXYGEN  LIBERATED /INITIAL  VOLUME  OF  HYDROGEN  PEROXIDE  SOLUTION 


HYDROGEN  PEROXIDE  CONCENTRATION,  W/O 


Figure  4,10.  Volume  of  Oxygen  Liberated  per  Year  From 
the  Decomposition  of  Hydrogen  Peroxide  at 
a  Rate  of  0.1  Percent  AOL/Year 
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PRESSURE  INCREASE,  PSIA/YEAR 


HYDROGEN  PEROXIDE  CONCENTRATION,  W/O 


Figure  4.11.  Pressure  Increase  in  a  Sealed  Container 

Resulting  From  Hydrogen  Peroxide  Decompo¬ 
sition  at  a  Rate  of  0.1  Percent  AOL/Vear 
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SECTION  5:  TRANSPORTATION 


5.1  SHIPPING  CONTAINERS  AND  VEHICLES 


Approved  hydrogen-peroxide  shipping  containers  are  available  in 
the  following  capacities  (Ref.  5.1,  5.2): 

Reagent  quantities:  1  pint  (3/4  pound)  (J.C.C.  Regulation 

73.266) 

Drum  quantities:  30  gallons  (300  pounds)  (i.C.C.  Regulation 
42D) 

Tank  cars:  4000,  6000,  and  8000  gallons  (i.C.C.  Regulation 
103-A-AL-W) 

Tank  trucks;  2000  and  4000  gallons  (i.C.C.  Regulation 
MC  310-H202) 

Portable  tanks:  any  desirable  size  (i.C.C.  Special  Permit) 


All  hydrogen  peroxide  storage  or  shipping  containers  are  equipped 
with  a  Rustproof  vent  to  release  oxygen  produced  from  decomposition 


and  to  prevent  the  possibility  of  contamination . 


5.1.1  Reagent  Quantity  Containers 


Reagent  quantity  containers  are  glass  bottles  with  dustproof  vents 
on  top.  For  concentrations  above  52  v/o  the  glass  container 

capacity  should  not  exceed  1  quart  (Ref.  5>3).  When  packing  these 
containers  for  shipping,  I.C.C.  Regulation  73.266,  Specifications 
15A,  15B,  15C,  16A,  and  lyA  apply  (Ref.  5.2).  The  applicable 
reagent  bottles  must  be  packed  in  a  metal  container  vented  at  the 
bottom  and  packed  in  another  metal  container  vented  at  top.  Cush¬ 
ioning  material  shall  be  used  between  the  bottle  and  inner  container 
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and  between  the  inner  and  outer  metal  containers.  Cushioning 

•  i 

material  shall  be  vcrmiculitc  or  the  equivalent  in  an  amount 

»  '  •  ' 

at  least  10  times  the  volume  of  the  solution  shipped,  and  shall 
be  wet  with  at  least  10-perccnt  water  by  volume  to  which  a  sta- 
bilizing  agent  has  been  added  (Ref . 5-S?)  \  These  containers  should 

4  '  v  V-  \\  ■* 

then  be  crated  in  a  wooden  box.  *•••',  v'  . 


Drums  ;  i,‘' 

.1  .  r 

t  ’ 

X.  ■  *• 

*  X  * 

There  are  two  types  of  dnuns  available  for  shipping  concentrated 
hydrogen  peroxide.  One  is  a  double-head  drum  Suitable  for  all 
freight  shipment,  and  the  other  is  a  single-head  drtpn  suitable 
only  for  full-carload  and  full-truckload  shipments.  The  vent 
on  the  double-head  drum  opens  into  the  comportment  between  the 
two  heads.  This  compartment  will  trap  any  H^O^  lost  through 
splashing  or  leakage  (Ref.  5-^»  5. 5).  • 

Both  types  of  drums  are  fabricated  according  to  I .C.C. .Specif ica- 
tion  42D  (Ref,  5.2).  Each  of  these  drums  is  made  of  high-purity 
aluminum  with  a  vented  closure  in  the  top  head.  The  rated  capa¬ 
city  does  not  exceed  30  gallons,  and  side  openings  are  not  per¬ 
mitted.  The  closure  is  sealed  to  prevent  removal  in  transit. 

The  top  head  should  be  plainly  marked  "KEEP  THIS  END  UP"  or  "KEEP 
PLUG  UP  TO  PREVENT  SPILLAGE."  For  shipments  other  than  carload 
or  truckload  lots  loaded  by  consignor  and  unloaded  by  consignee, 
the  drums  must  be  of  a  design  and  venting  arrangement  approved 
by  the  Bureau  of  Explosives. 

The  approximate  tare  weight  of  a  single  compartment  drum  is  42 
pounds,  and  that  of  a  double  compartment  drum  is  50  pounds.  The 
net  filling  weights  of  70  and  90  percent  hydrogen  peroxide  are 
280  and  300  pounds,  respectively.  These  weights  correspond  to 
about  26  or  27  gallons  of  liquid  in  the  drum.  The  volume  will 
vary  with  temperature  (Ref.  5.^»). 


5.1.3 


Tank  Cars 


Tank  cars  suitable  Tor  hydrogen  peroxide  use  are  available  in 
4000-,  6000-,  and  8000-gallon  capacities.  These  cars,  constructed 
according  to  I.C.C.  Specification  10JA-AL-W  (Ref.  5*2),  are  cylin¬ 
drical,  fusion-welded  aluminum  tanks  with  a  dome  containing  a 
manhole,  a  vent  with  a  porous-stone  filter  to  exclude  dust,  an 
unloading  dip-pipe,  a  fill  connection,  and  a  bursting  disk  de¬ 
signed  to  blow  out  a  45-psig  pressure.  The  temperature  of  the 
hydrogen  peroxide  is  measured  by  a  thermometer  or  thermocouple 
carried  in  a  protective  aluminum  tube  inside  the  tank  or  fastened 
to  the  tank's  outside  wall  below  the  liquid  level;  the  outside 
thermometer  or  thermocouple  is  insulated  with  glass  wool  (Ref. 
5.l).  All  fittings,  gaging,  venting,  loading,  discharging,  and 
air-inlet  devices  are  constructed  of  materials  compatible  with 
hydrogen  peroxide.  Venting  devices  are  of  a  type  approved  by 
the  Bureau  of  Explosives. 


5.1.4 


5.1.5 


Tank  Trucks 

l.C.C.  Specification  MC-310-H202  (Ref.  5*2)  applies  to  shipment 
by  tank  trucks  with  2000-  to  4000-gallon  capacity.  These  trucks, 
which  have  been  specially  constructed  for  hydrogen  peroxide 
service,  are  equipped  with  complete  unloading  facilities,  includ¬ 
ing  a  connecting  hose  and  fittings  for  attachment  to  the  consignee 
storage  system  (Ref.  5.1»  5.4).  ;v  ■ 


Portable  Tanks 


Portable  tanks,  commonly  of  500-  and  1300-gallon  capacity,  are 
subject  to  l.C.C.  Special  Permits.  These  tanks,  which  can  be 
filled  at  the  plant  and  used  as  storage  vessels  at  the  user's 
site,  offer  many  advantages,  particularly  for  remote,  overseas, 
or  temporary  sites. 
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5.2 


SHIPPING  REGULATIONS 


For  shipping,  the  I.C.C.  has  classified  concentrated  H^O,,  as  a 
corrosive,  "white,  label,"  liquid.  Each  container  must  be  clearly 
marked  "THIS  SIDE  UP"  or  "KEEP  PLUG  UT  TO  AVOID  SPIUAGE."  In 
addition,  each  container  must  carry  the  specification  marking 
and  number  and  the  statement  of  the  contents.  'TOR  HYDROGEN 
PEROXIDE  USE  ONLY"  must  be  stenciled  above  the  specification 
markings . 


5.2.1 


When  hydrogen  peroxide  is  shipped  by  commercial  air  travel,  the 
Official  Air  Transport  of  Restricted  Articles,  Tariff  and  Civil 
Air  Regulations  No.  49  regulates  packaging  and  handling  informa¬ 
tion. 


Regulations  noted  in  AFM  71-4#  Packaging  and  Handling  of  Dangerous 
Materials  for  Transports  lion  by  Military  Aircraft,  and  NA'VWEPS  . 
15_03_500  govern  all  hydrogen  peroxide  shipments  by  military 
aircraft.  .  . 


5.2.3 


Hydrogen  peroxide  shipments  on  Coast  Guard-controlled  waterways 
are  controlled  by  I.C.C.  Regulations  and  U.S.  Coast  Guard  Regula¬ 
tions  NAV-CG-108,  which  note  packaging  and  handling  information. 
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5.3 


OPHtATION  AND  MAINTENANCE  01’  EQUimENT 


3.3.1  Drums 

To  prevent  .spillage  through  the  venting  device,  drums  containing 
hydrogen  peroxide  should  not  be  tilted  or  rolled  during  loading, 
transfer,  or  handling;  they  must  be  moved  and  stored  in  an  upright 
.  position. 

Siphoning  or  pumping  are  the  recommended  methods  for  emptying  drums. 
The  siphoning  system  is  used  when  small  quantities  of  hydrogen 
peroxide  are  involved.  A  siphon  known  commercially  as  the  Model  D 
Golden  Thief  Vacuum  Pump  (manufactured  by  the  W&W  Manufacturing 
Co.,  Box  9311,  Chicago,  Illinois)  or  its  equivalent  is  usually 
used  for  transferring  or  sampling  of  small  quantities  of  liquid. 
Although  the  vacuum  portion  of  the  noted  device  contains  aluminum 
alloys  unsuitable  for  peroxide  use,  the  only  part  that  contacts 
the  solution  is  a  compatible  plastic  tube.  This  siphon  can  be 
used  for  sampling  tanks  as  well  as  dnms  and  can  deliver  liquid 
from  a  considerable  height.  The  plastic  tubing  and  the  sampling 
pump  should  be  properly  cleaned  and  passivated  before  use.  Suit¬ 
able  cleaning  and  packaging  between  use  times  is  also  required. 

A  combination  of  glass  and  plastic  tubing  is  also  possible  in  a 
siphon  arrangement.  Pouring  or  gas  pressurization  should  be 
avoided  in  emptying  drums  containing  hydrogen  peroxide.  (Gas 
pressurization  can  introduce  contaminants  or  overpressurize  the 
drum.)  (Ref.  5.4). 

Although  direct  pouring  is  not  a  recommended  technique,  a  special 
hydrogen  peroxide  drum  valve  suitable  for  attachment  to  the  stan¬ 
dard  30-gallon  drum  is  available  from  the  Shell  Chemical  Company. 
This  valve  enables  a  direct  pour  from  the  drum  and  is  suitable 
for  short  use  times  only  (l  to  2  days)  (Ref.  5-4). 
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After  being  emptied,  the  drum  (and  compartments)  should  be  com¬ 
pletely  flushed  with  clean  water  and  drained.  The  bung  cop 
should  be  replaced  immediately  and  tightened  securely.  All  pipe¬ 
lines  and  hoses  should  be  drained  when  transfers  are  complete. 

When  emptying  a  drum  by  pumping  or  vacuum,  a  trap  should  be  placed 
in  the  suction  line  to  prevent  feedback  of  the  hydrogen  peroxide 
into  the  container  after  withdrawal. 


Tank  Cars  and  Trucks 


Tank  cars  and  tank  trucks  tnuy  be  unloaded  by  either  pumping  or 
pressurization  with  clean,  dry,  hydrocu: bon-f rcc  nitrogen  gns. 

The  use  of  a  self-priming  pump  is  quite  common  and  is  particularly 
desirable  when  fast  delivery  under  pressure  is  required.  The 
majority  of  the  pumps  arc  a  centrifugal  design,  although  air- 
driven  reciprocating  pumps  are  ulso  available.  l\imp  unloading 
is  recommended  for  both  tank  cars  und  trucks. 

The  pressure  fed  system  (sometimes  called  the  ejector  system) 
is  a  method  of  feeding  by  gas  pressurization  and  should  not  be 
used  on  drums  or  smaller  containers.  There  are  mixed  feelings 
about  pumpiug  by  this  technique.  In  addition  to  the  possibility 
of  overpressurizatiou  that  exists  with  this  technique,  it  is 
felt  by  some  organizations  that  the  possible  introduction  of  water 
or  oil  with  the  pressurant  gas  and/or  the  insertion  of  the  pump 
inlet  line  into  the  supply  tank  offers  the  possibility  of  vehicle 
container  contamination.  Thus  if  this  unloading  system  is  used, 
it  is  recommended  that  the  compressed  air  or  nitrogen  used  for 
pressurization  be  filtered  for  entrained,  solids  as  well  as  water 
(water-pumped  gus  is  preferred ’to  ail-pumped  gas) ,  and  its  pressure 
carefully  controlled. 

The  standard  tank  car  compressed  gas  fitting  has  been  designed 
for  nitrogen.  The  gas  pressurization  line  should  be  equipped 
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with  a  suitable  pressure  reduction  vulvc,  a  safety  relief  valve 
(set  for  approximately  13  psig),  and  a  pressure  gage.  A  pleasure 

)  f  t 

of  5  to  10  psig  is  normally  sufficient  to  unloud  a  JiOOO-gollon 
tank  cor  in  2. hours.  This  will  consume  about  6-  to  10-cu  ft/min 
nitrogen.  Pressures  in  excess  of  13  psig  should  not  be  used. 

The  compressed-gus  feed  line  aliould  be  blown  out  before  introduc¬ 
tion  into  the  hydrogen  peroxide  supply.  Details  of  the  unloading 
procedures  should  be  obtained  from  the  particular  hydrogen  peroxide 
manufacturer  that  supplies  the  tank  cur. 

Tank  truck  unloading  is  normally  handled  by  the  hydrogen  peroxide 
producer  ot  his  carrier.  Each  tank  comes  equipped  with  the  neces¬ 
sary  fittings,  a  hose,  and  a  pump  designed  for  hydrogen  peroxide 
service.  Trained  drivers  and/or  other  qualified  personnel  repre¬ 
senting  the  producer  are  present  to  make  the  necessary  connections 
for  the  unloading  operation.  After  unloading  a  tank  with  pressure, 
tho  vent  shall  be  opened  at  once.  When  pressure  transfer  is  used 
on  tanks,  a  line  shall  be  attached  to  the  safety  vent  and  extended 
to  the  ground  so  that  the  vent  may  be  quickly  opened  to  stop  the 
flow  in  an  emergency.  The  tank  should  not  be  flushed  after  emptying 
unless  it  is  to  be  entered  for  inspection  or  repair. 

When  either  the  tank  car  or  truck  hove  been  emptied,  the  outside 
of  the  tank  and  the  ground  should  be  washed  thoroughly  wherever 
spillage  of  the  hydrogen  peroxide  could  have  occurred  during  the  . 
unloading.  All  lines,  hoses,  and  the  pump  should  be  drained  free 
of  hydrogen  peroxide  and  flushed  with  clean  water.  All  lines  and 
hoses  should  then  be  covered  with  aluminum  blind  flanges  or  poly¬ 
ethylene  bags  to  prevent  contamination  from  dust  (Ref,  5 •*»)• 


Handling 

When  transporting  hydrogen  peroxide,  the  following  handling 
procedures  and  safety  precautions  should  be  followed; 
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1.  At  least  two  trained  operators  should  always  be  assigned 
to  any  operation  involving  the  handling,  transfer,  or 
storage  of  hydrogen  peroxide. 

2.  Drivers  and  operators  involved  in  deliveries  of  hydro¬ 
gen  peroxide  should  be  instructed  to  identify  the  mate¬ 
rial  as  hydrogen  peroxide  of  the  correct  concentration 
and  grade.  Carelessly  calling  it  by  another  name  such 

as  "acid"  may  result  in  its  being  unloaded  into  the  wrong 
tank  with  possible  serious  consequences. 

3-  Leaking  pipes,  hoses,  pumps,  etc.,  from  concentrated 
hydrogen  peroxide  tank  trucks  or  tank  cars  are  fire 
hazards.  The  presence  of  combustible  materials,  espe¬ 
cially  wood,  paper,  or  cotton  waste,  at  the  filling  or 
unloading  site,  should  be  avoided.  Spilled  hydrogen 
peroxide  should  be  immediately  removed  by  flushing  with 
copious  quantities  of  water. 

h.  Operators  unloading  hydrogen  peroxide  should  wear  pro¬ 
tective  clothing  and  use  only  the  designated  equipment. 

5.  There  should  be  water  hoses,  showers,  and  eye  fountains 
in  the  immediate  vicinity  of  the  unloading  area.  The 
location  and  proper  function  of  this  "equipment  should 
be  checked  before  beginning  operation . 

(> .  Sampling  of  hydrogen  peroxide,  if  necessary,  should  be 
done  only  under  very  carefully  controlled  conditions 
and  only  by  authorized  personnel.  All  samples  should 
be  discorded  after  use  and  never  returned  to  the  utorage 
container. 

7.  Sampling  devices  or  any’  other  material  should  not  be  in¬ 
serted  into  a  hydrogen  peroxide  contairer.  Samples 
should  be  taken  by  pumping  or  draining  from  system  feed 
lines. 
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8.  If,  for  some  reason,  it  is  necessary  to  put  some  instru 
ment,  device,  sampler,  etc., into  a  hydrogen  peroxide 
solution,  the  device  must  undergo  the  appropriate  clean 
ing  and  passivation  procedure.  With  each  addition  of  a 
foreign  body  to  hydrogen  peroxide,  the  chance  of  con¬ 
tamination  is  increased. 

9.  Freezing  may  cause  localized  concentrations  of  contam¬ 
inants  which,  on  thawing,  may  result  in  accelerated 
decomposition. 

10.  Freezing  will  cause  concentration  gradients  to  develop 
as  the  material  thaws.  Thorough  agitation  is  required 
to  ensure  uniform  concentration  of  the  solution.  Hydro 
gen  peroxide  solutions  are  difficult  to  freeze,  and 
supercooling  of  70  to  90  F  is  not  uncommon.  Handling, 
vibration,  or  motion  of  any  kind  should  be  avoided  dur¬ 
ing  possible  supercooling  periods  to  avoid  freezing  and 
subsequent  concentration  stratification. 

11.  Pressure  vents  should  be  shielded  so  that  the  possibil¬ 
ity  of  dust  return  or  other  contamination  i3  minimized. 

12.  Routine  inspection  of  storage  facilities  should  include 
hosing  down  storage  containers  as  well  as  the  storage 
area  at  regular  intervals  to  minimize  the  accumulation 
of  dust,  dirt,  debris,  etc. 

13.  The  outside  of  storage  containers  should  be  thoroughly 
cleaned  before  removal  of  outlet  covers.  This  may  be 
accomplished  by  means  of  an  air  hose,  a  water  hose,  or 
a  combination  of  these. 

14.  Cleaning  of  tht  threaded  sections  before  connection  of 
the  mating  parts  should  be  carefully  done  to  minimize 
the  possibility  of  contamination. 
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15-  In  the  opening  of  a  pipe  line  or  similar  item  that  has 
previously  been  used  in  transferring  hydrogen  peroxide, 
it  should  always  be  assumed  that  there  may  be  some  hydro¬ 
gen  peroxide  left  in  the  line,  and  a  supply  of  water 
should  be  available. 

14.  Storage  of  equipment  such  as  transfer  hoses  should  pro¬ 
vide  for  venting  any  pressure  built  up  from  decomposition 
of  residual  peroxide.  All  drained  materials  should  be 
diluted  and  discarded. 
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SECTION  6:  SAFETY 


6.1  HAZARDS 

The  potential  safety  hazards  in  dealing  with  hydrogen  peroxide 
fall  into  the  following  general  categories:  detonation  and/or 
explosion,  uncontrolled  decomposition,  fires,  and  personnel 
injury.  While  these  hazards  may  sound  ominous,  it  must  be 
remembered  that  similar  hazards  exist  for  various  other  com¬ 
pounds  which  are  in  widespread  use  and  are  safely  handled  by 
industry.  If  operating  personnel  are  arr.ed  with  knowledge  of 
the  potential  hazards'  and  how  to  avoid  them,  there  is  no  reason 
why  concentrated  hydrogen  peroxide  cannot  be  safely  employed  in 
commercial  processes. 

6.1.1  Physiological  Effects 

6. 1.1.1  Vapor  Inhalation.  Hydrogen  peroxide  solutions  and  vapors  are 
nontoxic,  but  they  are  irritating  to  body  tissue.  ThiB  irrita¬ 
tion  can  vary  from  mild  to  severe,  depending  upon  the  concentra¬ 
tion  of  hydrogen  peroxide.  Concentrated  hydrogen  peroxide  has 
little  odor  unless  deliberately  inhaled.  The  sensation  ie  then 
somewhat  like  that  px*oduced  by  ozone  or  the  halogens  (Ref.  6.1  }, 

Inhalation  of  hydrogen  peroxide  vapors  causes  irritation  and 
inflammation  of  the  respiratory  tract  and  may  result  in  burning 
of  the  nose  and  throat,  running  of  the  nose,  and  coughing.  Pro¬ 
longed  breathing  can  produce  swelling  of  the  respiratory  mem¬ 
branes  or  accumulation  of  fluid  in  the  sinuses  and  lungs.  Short- 
time  exposure  will  not  cause  lasting  barm,  but  a  physician 
should  be  notified  in  extreme  exposure  cases  (Ref.  6.2.  and  6.3). 
The  toxicity  level  for  90  w/o  hydrogen  peroxide  is  expressed  as 
a  threshold  limit  value  (TLV)  of  1  ppm  (l.4  mg/cu  m)  (Ref.  6.4 
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and  6.5).  The  TLV  represent*  the  average  concentration  over  a 
normal  work  day  to  which  the  average  human  can  be  Bafely  exposed 
on  a  daily  basis  without  adverse  effects. 

The  vapors  can  also  irritate  the  eyes,  producing  burning,  red¬ 
ness,  and  watering.  The  effect  is  short-lived  except  in  extreme 
or  continuous  exposure.  When  hydrogen  peroxide  contacts  the 
eyes,  the  eyes  should  be  flushed  immediately  with  water. 


6. 1.1. 2  Cutaneous  Exposure.  The  vapors,  mists,  and  solutions  of  hydro¬ 

gen  peroxide  are  very  irritating  to  body  tissues.  When  the 
liquid  touches  the  skin,  there  is  a  burning  sensation  and  the 
areas  affected  are  bleached.  If  contact  is  brief,  the  effects 
will  usually  disappear  within  2  or  3  hours.  Continued  exposure, 
however,  will  result  in  slight  water  blister  formation  which 
should  heal  quickly.  Contact  of  the  hydrogen  peroxide  with  the 
more  sensitive  parts  of  tt 1  body,  Buch  as  the  thighs,  neck,  or 
under  the  fingernails,  will  cause  more  severe  effects  than  con¬ 
tact  with  the  hands.  If  hydrogen  peroxide  contacts  the  skin, 
the  area  affected  should  be  flooded  immediately  with  large  quan¬ 
tities  of  water  (Ref.  6.2  and  6.3)-  If  the  irritation  does  not 
subside  after  flushing  with  water  and  burns  persist,  a  physician 
should  be  notified. 

Various  experiments  have  been  conducted  with  animals  to  show 
the  effect  of  hydrogen  peroxide  on  skin  surfaces.  With  rabbits, 
it  was  observed  that  90  w/o  hydrogen  peroxide  applied  to  the 
skin  was  absorbed  and  caused  death  by  gas  embolism  (rabbits  are 
susceptible  to  embolism,  however).  Cats,  guinea  pigs,  rats, 
pigs,  and  dogs,  although  much  less  susceptible  to  embolism, 
showed  a  greater  reaction  on  the  skin  (Ref.  6.l).  (There  were 
no  results  shoeing  possible  lethal  effects  of  H^O^  on  these 
animals,  however.) 
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In  studies  on  human  skin,  90  w/o  hydrogen  peroxide  on  the  palms 
and  fingertips ,  where  the  keratin  is  thick  and  nerve  endings  are 
abundant,  causes  strong  prickling  and  formation  of  opaque  white 
patches.  This  is  extremely  painful  under  the  fingernails.  "On 
other  skin  areas  where  the  keratin  is  thinner,  irritation  occurB, 
but  with  less  itching  and  the  white  appearance  is  confined  to  a 
few  areas  at  the  base  of  hairs.  There  is  no  evidence  of  pene¬ 
tration  deeper  than  the  first  layer  of  skin,  or  stratum  corneum, 
and  all  these  effects  disappear  without  trace"  (Ref.  6.1,  page  426). 


6. 1.1. 3  Ingestion.  If  hydrogen  peroxide  is  swallowed,  e.g.,  during 

pipetting,  it  may  cause  bleeding  and  severe  distention  of  the 
stomach  due  to  the  liberation  of  oxygen.  In  some  cases,  injec¬ 
tion  or  ingestion  of  hydrogen  peroxide  can  be  fatal,  depending 
upon  the  amount  end  concentration.  Intravenous  injections  of 
dilute  hydrogen  peroxide  solutions  are  more  lethal  than  concen¬ 
trated  solutions,  since  the  dilute  solutions  are  able  to  pene¬ 
trate  the  system  more  deeply  before  decomposition  and  blocking 
of  the  circulation  occur  (Ref.  6.l). 

In  the  mouth,  an  effervescence  occurs  as  the  hydrogen  peroxide 
decomposes,  giving  a  prickling  sensation.  At  high  concentra¬ 
tions,  the  effects  in  the  mouth  are  heightened,  to  the  point 
of  painfulness,  to  say  nothing  of  the  hazard  of  burns;  and  such 
contact  is  to  be  avoided. 


6.1.2  Fire  Hazards 


Hydrogen  peroxide  by  itself  is  not  flammable,  but  soluticns  of 
high  concentration  may  react  with  combustible  materials  and 
generate  enough  heat  to  cause  ignition.  When  involved  in  a 
fire,  hydrogen  peroxide  actively  supports  combustion  by  liber¬ 
ating  oxygen,  and  this  results  in  a  "flare"  fire  that  may  ter¬ 
minate  in  explosion.  Elimination  of  air,  however,  does  not 
control  or  put  out  the  fire.  Hot,  concentrated,  liquid  hydrogen 
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peroxide  (>  65  w/o),  once  ignited,  will  "burn"  rapidly  aa  a 
continuous,  hot,  nearly  invisible  vapor  decomposition  flame 
close  to  the  surface  of  the  liquid.  Such  a  decomposition 
flame  will  continue  without  an  external  source  of  heat  until 
the  liquid  is  entirely  consumed,  unless  the  liquid  concentration 
is  reduced  or  the  liquid  is  cooled  sufficiently  to  extinguish 
the  flame  (Ref.  6.2). 

Hydrogen  peroxide  solutions  greater  than  65  w/o  can  release 
enough  energy  to  heat  the  decomposition  products  to  a  relatively 
high  temperature  (1382  F  for  90  w/o  solutions).  Ignition  of 
nearly  inflammable  material  may  then  be  expected.  Solutions 
of  less  than  65  w/o  may  also  cause  fires  due  to  the  fact  that 
upon  exposure  to  air,  water  in  the  solution  may  evapora+e  faster 
than  the  peroxide,  increasing  the  concentration  of  the  latter. 
Naturally,  the  lower  the  initial  concentration,  the  less  likely 
this  would  happen  (Ref.  6.2). 

Fires  cun  be  started  easily  by  dampening  combustible  materials 
with  hydrogen  peroxide  solutions  stronger  than  about  70  w/o, 
provided  that  the  proper  catalyst  is  present.  In  the  absence 
of  catalysts,  many  materials  such  as  clean  cotton  or  wood  may 
not  even  react  with  90  w/o  hydrogen  peroxide.  (The  absence  of 
any  catalytic  material,  however,  is  rather  unlikely  according 
to  Ref.  6.6.)  Secondary  fires  may  also  occur.  Consumption  of 
the  hydrogen  peroxide  does  not  necessarily  eliminate  the  fire. 

If  the  ignition  temperature  limit  of  any  fuel-air  mixture  in 
the  immediate  vicinity  has  been  achieved,  combustion  of  these 
materials  will  continue.  This  may,  however,  occur  at  a  con¬ 
siderably  different  burning  rate. 

An  empirical  test  was  devised  (Ref.  6.7)  to  compare  the  flamma¬ 
bility  hazard  of  the  various  concentrations  of  propellant-grade 
hydrogen  peroxide.  A  spill  test  was  developed  using  a  green 
felt  of  90-percent  wool  and  10-percent  vegetable  fiber.  (Num¬ 
erous  other  organic  materials  were  tried,  but  this  was  the  first 
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material  to  give  reproducible  results.)  The  test  aiaiply  consists 
of  placing  two  drops  of  concentrated  hydrogen  peroxide  on  the 
piece  of  felt  and  measuring  the  time  to  visible  flame.  The  ig¬ 
nition  time  decreases  with  increasing  concentration  as  shown  in 
Fig.  6.1. 

Ignition  (i.e.,  initiation  of  rapid  decomposition)  limits  have 
been  determined  for  hydrogen  peroxide  vapor  (Ref.  6.8  and  6.9) 
for  pressures  above  atmospheric;  these  data  are  presented  in 
Fig.  6.2.  The  ignition  limits  of  hydrogen  peroxide  are  actually 
the  ignition  limits  of  the  vupor  and  are,  therefore,  a  function 
of  the  vapor-phase  composition.  In  turn,  this  vapor-phase  compsi 
tion  is  a  function  of  the  liquid  temperature  and  the  total  pres¬ 
sure  on  the  system.  The  ignition  limits  are  not  sharply  defined 
but  are  general  areas,  as  illustrated  by  the  positive  and  nega¬ 
tive  test  results  shown  in  Fig.  6.2. 

General  areas  where  the  vapor  phase  in  contact  with  the  liquid 
phase  has  reached  the  probable  ignition  level  are  shown  in 
Fig.  6.3  (Ref.  6.10). 


6.1.3  Explosion  Hazards 

Although  hydrogen  peroxide  solutions  are  not  ordinarily  classed 
as  explosives  (see  Section  k. h. 1.1. 2),  certain  conditions  can 
exist  in  which  a  detonation  or  an  explosive-like  release  of 
energy  can  occur.  Typically,  most  "explosions"  involving  hydro¬ 
gen  peroxide  are  a  result  of  decomposition  of  the  hydrogen  per¬ 
oxide,  which  may  occur  as  a  result  of  gross  contamination  and/or 
excessive  temperature  rise  of  the  hydrogen  peroxide.  The  decompo 
sition  reaction  produces  large  amounts  of  heat  (which  further 
accelerates  the  decomposition  reaction)  and  gas  with  subsequent 
effects  of  gas  overpressurization  in  any  confining  areas.  The 
"explosion"  usually  results  from  the  rupture  of  the  confining 
surface  and  release  of  the  gas  pressure. 
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Norraully,  this  decomposition  process  is  relatively  alow,  and  the 
final  pressure  release  is  proceeded  by  a  slow  thermul  and  pressure 
buildup.  However,  there  are  also  conditions  in  which  the  decompo¬ 
sition  process  reaches  nil  explosive  *<ite.  Although  such  conditions 
are  usually  associated  with  the  vapor  phas*',  separation  of  the 
cause-effect  relationship  between  the  liquid  and  vapor  phases  is 
difficult.  In  addition  to  the  normal  1 iquid-vapor  equilibrium, 
the  entrapment  of  vupor  (and  a  subsequent  vapor-phase  decomposition 
within  the  liquid  phase)  is  always  possible  with  a  material  that 
decomposes  so  readily  into  liquid  urd  gaseous  products. 


6. 1.3.1  Vapor-Phase  Hazards.  When  the  concentration  of  hydrogen  peroxide 
in  the  vapor  phase  exceeds  26  mole  percent  (40  w/o)  at  atmospheric 
pressure,  an  explosive  decomposition  reaction  is  possible  (Ref.  6.8 
and  6,9).  This  limit  is  increased  with  decreasing  pressures 
(43  w/o  at  200  mm  Hg  and  70  w/o  at  40  ram  Hg)  and  decreased  with 
pressures  above  ambient.  Ignitiou  of  these  concentrations  may 
occur  us  a  result  of  a  spark,  contact  with  a  catalytic  surface, 
or  contact  with  a  heat  source  in  excess  of  300  F. 

During  vapor  detonation  velocity  measurements  (Ref.  6.8),  a  detona¬ 
tion  velocity  of  67OO  ft/sec  wus  recorded  at  atmospheric  pressure 
in  a  minimum  concentration  of  50  w/o  hydrogen  peroxide.  No  deto- 
na : ions  were  observed  in  hydrogen  peroxide  vapor  at  total  pressures 
of  42,6  a r.-'1  99.5  psia.  Measurements  of  detonation  velocities  in 
higher  concentrations  at  utmospheric  pressure  were  generally  un¬ 
obtainable  because  of  spontaneous  decomposition  or  premature  igni¬ 
tion  of  the  test  gases. 

Under  ordinary  storage  and  bundling  conditions,  explosive  vapor 
concentrations  are  not  reached.  However,  when  heated  under  atmos¬ 
pheric  pressure  to  temperatures  of  ~  264  F,  liquid  concentrations 
above  75  w/o  will  produce  vapor  concentrations  in  the  explosive 
range.  These  explosive  regions  correspond  to  the  ignitable  regions 
shown  in  Fig.  6.3  as  a  function  of  liquid  composition,  liquid 
temperuture,  and  pressure. 
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6. 1.3.2  Liquid-Phase  Hazards.  Although  earlier  experimental  efforts,  par¬ 
ticularly  those  of  the  Germans,  hud  indicated  that  liquid  hydrogen 
peroxide  solutions  with  concentrations  greater  than  8b  w/o  could 
he  detonated,  more  recent  efforts  have  demonstrated  the  absence 
of  shock  sensitivity  in  the  liquid  phase  below  concentrations  of 
93  w/o.  However,  there  ure  still  more  conflicts  in  the  dutu  ob¬ 
tained  from  u  variety  of  shock  sensitivity  tests  on  hydrogen  per¬ 
oxide  concentrations  greater  than  95  w/o.  Consequently,  these 
higher  concentrations  ure  still  considered  (lief.  6.1l)  potentially 
explosive  under  certain  conditions.  In  addition,  concentrated 
hydrogen  peroxide  solutions  are  thermally  sensitive  (see  Section 
6. 1.3.1)  although  the  direct  participation  of  the  liquid  phase  in 
detonations  involving  the  heated  vapor  phase  is  questionable. 

The  validity  of  positive  results  from  some  types  of  sensitivity 
tests  used  in  the  early  efforts  on  the  hydrogen  peroxide  liquid 
phase  are  questionable  (Ref.  6.12)  for  the  following  reasons: 

1.  Shock  sensitivity  in  earlier  work  was  usually  done  by 

.  setting  off  relatively  large  explosive  charges  in  the 

hydrogen  peroxide.  This  technique  is  questionable 
because  the  mixture  of  organic  vapors  from  the  explosive 
charge  may  have  initiated  the  reaction,  and  the  heat 
liberated  by  the  explosive  charge  may  vaporize  enough 
hydrogen  peroxide  to  result  in  a  vapor  explosion. 

2.  Thermal  tests  in  early  work  were  limited  to  open  containers. 
Because  of  localized  heating  and  distillation  effects,  it 
was  not  known  what  concentration  of  hydrogen  proxide  was 
actually  involved  in  the  explosion. 

3.  Subsequent  sensitivity  tests  (Ref.  6.9)  on  the  vapor  phase 
above  a  hydrogen  peroxide  liquid  phase  of  90  w/o  indicated 
that  none  of  the  detonations  found  in  this  concentration 
range  involved  the  liquid  phase. 
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The  results  of  vurious  experimental  efforts,  which  have  involved 
three  primary  ureas  of  sensitivity  testing  (thermal  sensitivity, 
shock  sensitivity,  und  detonation  propagation),  are  summarized 
in  the  following  paragraphs  to  provide  a  guide  to  the  potential 
explosion  hazards  of  the  hydrogen  peroxide  liquid  phase. 


6. 1.3.2. 1  Thermal  Sensitivity.  To  expand  previously  available  liquid- 

phase  thermal  sensitivity  data  (summarized  in  Table  6.1)  thermal 
sensitivity  tests  were  conducted  by  dul’ont  (lief.  6.12)  on  hydrogen 
peroxide  in  open  and  in  closed  containers.  The  open-container  tests 
(at  atmospheric  pressure)  showed  that  the  vapor  above  90  w/o  liquid 
hydrogen  peroxide  exploded  at  248  to  284  F.  The  liquid  did  not 
explode  but  decomposed  rapidly,  producing  tomperutur  s  up  to  71312  F. 
Similarly  tested  98-perccnt  hydrogen  peroxide  vupor  exploded  at 
212  to  248  F  and  gave  evidence  of  liquid  particij>ntion  in  the  reac¬ 
tion.  Results  from  tests  on  35~pcrcent  hydrogen  peroxide  were 
similur  to  those  with  90-percent  hydrogen  peroxide.  In  sealed 
glass  bulbs,  90-percent  hydrogen  peroxide  exploder,  at  320  to  356  F 
and  the  liquid  was  involved  in  the  reaction;  however,  the  explosions 
were  attributed  to  pressure  buildup  from  relatively  slow  decomposition. 
A  low-order  explosion  was  produced  with  95  and  98  w/o  hydrogen  per¬ 
oxide  at  248  to  284  F.  The  results  of  representative  tests  from 
these  efforts  are  reprinted  in  Tables  6.2  through  6,4, 

In  a  further  effort  to  determine  liquid-phase  jmrticipution  in 
vapor-phase  detonations  resulting  from  thermal  sensitivity,  field 
tests  (Ref.  6,12)  were  conducted  using  larger  quantities  of  material. 
These  tests,  which  eliminated  the  possibility  of  complete  vaporization 
of  the  liquid,  consisted  of  placing  approximately  2  gallons  of  con¬ 
centrated  hydrogen  peroxide  in  old,  well-used  "Albone"  (35  w/o 
stabilized  H^O^)  drums.  These  drums  were  placed  in  a  pit  with 
remote  heat  contol  and  temperature  recording  systems.  The  drums 
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v ere  heated  at  a  controlled  rate,  and  the  temperature-time  profile 
of  each  was  recorded.  The  following  results  were  reported  on  the 
five  tests  run: 

1.  Two  gallons  of  9B  w/o  hydrogen  perexiue,  The  drum  started 
belching  foutn  at  271  F.  Much  liquid  was  dispersed,  but 
the  stainless-steel  container  was  undamaged. 

2.  Two  gallons  of  95  w/o  hydrogen  peroxide.  Vapor  ignited 
at  208  F  and  burned  with  several  white  puffs  with  no 
resulting  damage  to  the  stuin  ess-steel  container. 

3.  Two  gallons  of  35  w/o  hydrogen  peroxide.  Vapors  ignited 
at  2*»8  F.  Burning  continued  for  30  seconds.  Both  ends 
of  the  drum  were  bulging  and  the  thermocouple  hud  been 
ejected  from  the  drum  during  the  test. 

k.  Two  gallons  of  95  w/o  Ijydrogeu  peroxide.  Vapors  ignited 
at  295  F  and  burned  for  3  minutes.  The  drum  was  undamaged. 

5.  Two  gallons  of  95.2  w/o  hydrogen  peroxide.  At  289.'»,  the 
drum  ruptured,  spewing  high-strength  liquid  hydrogen  per¬ 
oxide.  The  maximum  pressure  recorded  wns  75  psi. 

It  was  concluded  (Ref,  6.12)  as  a  result  of  these  tests  and  the 
other  available  data  that  in  concentrations  up  to  95  w/o  the  liquid, 
or  at  least  u  good  part  of  the  liquid,  dues  not  i>urticipnte  (except 
to  form  more  vapor  from  heat  feedback)  when  vapor-phase  burning 
or  explosion  occurs.  This  is  true  even  though  the  adjoining  vapor 
temperature  exceeds  572  F.  However,  concentrated  liquid  hydrogen 
peroxide  is  susceptible  to  overheating,  which  makes  possible  the 
formation  of  vapor  within  the  liquid  phase  and  consequent  "belching. 
Thermal  huzurds  increase  for  liquid  hydrogen  peroxide  concentrations 
above  95  w/o,  even  though  direct  participation  by  the  liquid  phase 
in  resulting  detonations  is  questionable 
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6. 1.3. 2. 2 


Shock  Sensitivity.  Hydrogen  peroxide  and  hydrogen  pcrox ido¬ 
later  solutions  ore  considered  non-imjwct  sensitive  in  both  the 
•olid  state  (low-temperature  studies)  ond  the  liquid  state  up  to 
212  F  (Ref.  6.2,  6.4,  6.6,  6.12,  and  6.I3).  No  impact  sensitivity 
was  noted  (Ref.  6.I3)  for  98  v/o  hydrogen  peroxide  at  212  F  and 
an  impact  height  of  300  kg-cm. 

Hydrogen  peroxide  grades  of  90  and  98  w/n  11, ,0^  huve  been  subjected 
to  adiabatic  compression  test  loading  rates  of  231,000  lb/sec  ut 
70  to  72  lr  and  160  F  with  uo  effect  on  the  hydrogen  peroxide.  Load¬ 
ing  rates  of  3,000,000  lb/scc  at  70  to  90  F  have  been  achieved  on 
90  w/o  hydrogen  peroxide  with  no  adverse  effects  (Ref.  6.3). 

Shock  tests  with  No.  20  PETN  boosters  set  off  in  30-gallon  aluminum 
drums,  and  tests  with  15  grams  of  llcrcouiitc  dynamite  exploded  in 
the  same  quantity  at  70  to  72  F  and  lOO  F  showed  uo  propellant 
detonation  for  90  and  greuver  w/o  hydrogen  peroxide  solutions 
(Ref.  6.3). 

Curd  gap  tests,  using  an  apparatus  in  which  30  gms  of  liquid  sample 
was  separated  from  a  30  gn  tetryl  charge  by  a  thin  (5  to  10  mils) 
aluminum  membrane,  indicated  no  evidence  of  detonation  in  90,  95, 
and  98  w/o  hydrogen  peroxide  (Ref.  6.12).  The  lesults  of  these 
tests  are  shown  in  Table  6.5,  and  are  similar  to  these  resulting 
from  earlier  tests  conducted  by  the  Navy  (Ref.  6.3)  to  demonstrate 
the  relative  insensitivity  of  90,  95.5,  and  99-5  w/o  hydrogen 
peroxide  at  ambient  temperatures  and  160  F. 

Other  types  of  shock  sensitivity  tests  have  also  been  conducted 
on  90,  Kj 5,  and  ~  100  w/o  hydrogen  peroxide  (Ref.  0.12  and  Table 
6.6).  Although  some  of  these  data  do  indicate  shock  sensitivity 
in  hydrogen  peroxide  concentrations  above  95  w/o,  the  data  are 
suspect  (Ref.  6.12)  because  of  potential  vapor-phase  detonntion 
and  contamination  contributions. 
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6. 1.3. 2. 2 


Shock  Sensitivity.  Hydrogen  ncroxide  and  hydrogen  peroxide- 
water  solutions  are  considered  non-impuct  sensitive  in  both  the 
solid  state  (low-temperature  studies)  and  the  liquid  state  up  to 
212  F  (Ref.  6.2,  6.4,  6.6,  6.12,  and  6.13).  No  impact  sensitivity 
was  noted  (Ref.  6.13)  for  98  w/o  hydrogen  peroxide  at  212  F  and 
an  impact  height  of  300  kg-cm. 

Hydrogen  peroxide  grades  of  90  and  98  w/o  H^O  have  been  subjected 
to  adiabatic  compression  test  loading  rates  of  231,000  lb/sec  at 
70  to  72  F  and  160  F  with  no  effect  on  the  hydrogen  peroxide.  Load¬ 
ing  rates  of  3,000,000  lb/sec  at  70  to  90  F  have  been  achieved  on 
90  w/o  hydrogen  peroxide  with  no  adverse  effects  (Ref.  6.3). 

Shock  tests  with  No.  20  PETN  boosters  set  off  in  30-gnllon  aluminum 
drums,  and  tests  with  15  grams  of  Hercomite  dynamite  exploded  in 
the  same  quantity  at  70  to  72  F  and  160  F  showed  no  propellant 
detonation  for  90  and  greater  w/o  hydrogen  peroxide  solutions 
(Ref.  6.3). 


Card  gap  tests,  using  an  apparatus  in  which  30  gms  of  liquid  sample 
was  separated  from  a  30  gm  to try 1  charge  by  a  thin  (5  to  10  mils) 


aluminum  membrane,  indicated  no  evidence  of  detonation  in  90,  95, 
and  98  v/o  hydrogen  peroxide  (Ref.  6,12).  The  results  of  these 
tests  are  shown  in  Table  6.5,  and  are  similar  to  those  resulting 
from  earlier  tests  conducted  by  the  Navy  (Ref.  6.3)  to  demonstrate 
the  relative  insensitivity  of  90,  95.5,  and  99-5  w/o  hydrogen 


peroxide  at  ambient  temperatures  and  160  F. 


Other  types  of  shock  sensitivity  tests  have  also  been  conducted 
on  90,  93,  and  ~  100  w/o  hydrogen  peroxide  (Ref.  6.12  and  Table 
6,6).  Although  some  of  these  data  do  indicate  shock  sensitivity 
in  hydrogen  peroxide  concentrations  above  95  w/o,  the  data  are 
suspect  (itef.  6.12)  because  of  potential  vapor-phase  detonation 
and  contamination  contributions. 
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Although  it  is  generally  concluded  thut  hydrogen  peroxide  solu¬ 
tions  ure  not  normally  shock  sensitive,  it  should  be  noted  that 
hydrogen  peroxide  with  additives  (or  contaminants)  capable  of 
being  oxidized  arc  highly  iinpuct  sensitive.  This  sensitivity 
theoretically  depends  upon  the  concentration  and  type  of  additive 
and,  in  actual  practice,  upon  the  sample  size  and  the  method  and 
type  ol  impact.  Various  mixtures  involving  hydrogen  peroxide  of 
various  concentrations  with  minimum  (<  10  percent)  quantities  of 
organic  materials  such  as  ethylene  glycol,  ethyl  alcohol,  benzene, 
etc.  have  been  found  to  be  particularly  hazardous  (Ref.  O.ll). 
These  mixtures  will  detonate  violently  when  subjected  to  the 
slightest  mechanical  shock  with  detonation  velocities  approaching 
those  of  nitroglycerine,  TNT,  RHX,  etc. 


6. 1.3.2. 3  Detonation  Propagation.  Under  normal  usage,  it  seems  im¬ 

possible  to  obtain  a  propagating  detonation  in  hydrogen  peroxide- 
water  solutions.  The  only  tests  where  a  propagating  detonation 
has  been  observed  were  under  conditions  of  extreme  confinement 
with  an  exceptionally  heavy  booster  charge.  Although  these  con¬ 
ditions  are  not  likely  to  be  encountered  in  any  normal  storage 
or  handling  condition,  studies  by  the  Navy  (ttef.  6 . 1 1 )  have  demon¬ 
strated  some  conditions  at  which  hydrogen  peroxide  concentrations 
above  93  w/o  will  propagute  a  detonation. 

In  another  study  (Ref.  6.3)  propagation  tests  were  conducted  on 
98~percent  hydrogen  peroxide  by  placing  explosives  (having  energy 
rates  of  1,860,000,000  ft-lb  per  second  and  pressure  generation 
rates  of  576,000  atmospheres  which  develop  within  12.3  micro¬ 
seconds)  in  a  1.5-inch  schedule-80  stainless-steel  pipe.  The 
pipe  was  connected  to  an  aluminum  drum  containing  250  pounds  of 
hydrogen  peroxide.  Although  a  detonation  was  set  off  in  the  pipe, 
the  hydrogen  peroxide  was  unaffected. 
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Similar  results  were  obtained  (Hef.  6,3)  by  the  Bureau  of  Mines 
in  tests  on,  99  w/o  hydrogen  peroxide  contained  in  0. 5-inch  tubing. 
A  lurge  booster  charge  wus  located  in  l-inch  tubing  of  hydrogen 
peroxide,  which  was  connected  to  the  smaller  tubing.  The  detona¬ 
tion  of  the  booster  charge,  which  detonated  the  material  in  the 
1-inch  tube,  failed  to  propagate  into  the  hydrogen  peroxide  in 
the  smaller  tubing. 


0. 1.3.3  Explosion  Potential  Criteria.  A  criterion  (llcf.  6.1(i)  hus  been 
developed  for  the  estimation  of  the  potential  explosive  and 
detonution  hazard  of  hydrogen  peroxide  Bystems.  This  involves 
the  calculation  of  what  is  culled  the  "critical  excess  energy" 
of  the  system  und  is  the  heat  of  reaction  for  the  formation  of 
all  gaseous  products  from  ull  compounds  in  the  mixture.  Before 
continuing  with  the  correlation  procedure,  a  discussion  of  bal¬ 
ancing  combustion-explosion  type  reactions  seem  appropriate. 

Briefly,  these  are  the  rules  for  balancing  these  reactions: 

1.  Curbon  is  first  oxidized  to  CO 

2.  If  additional  oxygon  remains,  form  water 

3.  If  additional  oxygon  remains,  oxidize  CO  to  CO 

% 

Addition  of  readily  oxidizuble  metals  to  this  system  would  intro¬ 
duce  u  step  between  1  and  2;  however,  there  ure  a  number  of  quali¬ 
fications  to  this  procedure  so  that  the  reliability  of  this  technique 
as  a  hazard  criterion  for  metals  is  questionable. 

After  balancing  the  cquution  with  the  particular  ratio  of  ingredients 
which  are  of  interest,  the  heat  of  reaction  is  computed,  assuming 
that  all  of  the  reaction  products  are  in  the  vupor  form.  Heats 
of  formation  of  the  reactants  in  their  uctual  form  (solid,,  liquid, 
or  gas)  and  of  the  end  products  in  their  gaseous  form,  all  based 
at  298  K,  are  used  for  this  computation.  A  heat  of  reaction  in 
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excess  of  450  c.il/gm  implies  u  possible  explosive  hazard  for  that 
particular  mixture.  A  hcut  of  reaction  in  excess  of  900  cul/gm 
predicts  u  poasible  detonation  hazard.  These  "critical  energy" 
values  were  selected  after  a  very  cureful  study  of  experimental 
data  accumulated  from  explosive  and  detonation  tests  on  mixtures 
of  organic  compounds  with  concentrated  hydrogen  peroxide.  A  heat 
of  reaction  cun  be  computed  for  a  number  of  compositions  und  the 
compositions  for  the  "critical  excess  energy"  values  of  4 JO  and 
900  cul/gm  determined.  These  computed  compositions  may  then  be 
plotted  to  map  out  huzurd  arcus  in  the  use  of  mixtures  of  these 
materials.  It  should  be  noted,  however,  that  these  values  are  not. 
infallible.  Mixtures  should  always  be  tested  experimentally  before 
actual  handling  operations  begin. 

Expressions,  which  may  be  solved  by  pure  mathematics,  have  also 
been  generated  for  the  determination  of  the  critical  energy  compo¬ 
sitions  (Ref.  6,15).  However,  for  those  handbook  users  who  ure 
willing  to  balance  the  chemical  equation,  the  following  heats  of 
formation  of  the  common  products  of  combustion  are  given.  The 
heats  of  formation  of  various  concentrated  hydrogen  peroxide  solu¬ 
tions  are  shown  in  Fig.  2.12  to  2. IJa  and  are  discussed  in  Section 
2. 2. J.l  of  this  report. 

CO  -26,417  kcal/mol  at  293  K;  molecular  weight  «  28. Ul 

HgO  -57.80  kcal/mol  at  298  K;  molecular  weight  <*  18.016 

C02  -94»3i5  kcal/mol  at  298  K;  molecular  weight  -  44.010 

Heats  of  formation  or  heats  of  combustion  (from  which  heats  of 
formation  can  be  computed)  of  r  large  variety  of  organic  com¬ 
pounds  are  available  in  practically  all  chemical  handbooks. 

In  the  computation  of  systems  where  the  components  are  not  mutually 
soluble  or  are  not  soluble  in  all  proportions,  consideration  should 
be  given  to  the  possible  existence  of  hazardous  concentrations  at 
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1  iquid phunc  interfaces .  The  solubility  of  a  large  numher  of 
compound i  in  hydrogen  peroxide  given  in  Tuble  4 . 1  u ,  Section 
4.  This  method  of  evaluation  is  not  really  appropriate  for 
Immiscible  ayateur. 

Despite  the  apparent  success  of  the  con  elution  methods,  a  safety 
huzurd  evaluation  must  always  be  obtuined  lor  a  new  system  when¬ 
ever  the  sufety  of  personnel  or  equipment  is  concerned.  These 
methods  should  only  be  used  to  define  limits  for  experimental 
test  design. 

The  explosive  regions  in  systems  of  hydrogen  peroxide  and  organic 
compounds  surround  the  composition  ratios  of  H()0 ^/organic  compound 
which  leud  to  complete  reaction  to  carbon  dioxide  und  water.  Explo¬ 
sions  are  generally  unobtainable  if  the  final  solution  contains  Ivbb 
than  approx imutely  30  w/o  hydrogen  peroxide. 

The  sensitivity  of  these  explosive  mixtures  toward  explosion  is 
of  the  same  order  of  magnitude  as  that  for  molten  TNT  or  nitro- 
giy  cerine.  Oxygen-deficient  mixtures  or  water-rich  mixtures  arc 
less  sensitive  (to  mechunical  impact,  for  example)  tliun  oxygen- 
hulunccd  or  oxygen-rich  mixtures.  Explosions  cun  be  initiated 
by  mechanical  shock,  explosive  shock,  heat,  electric  discharges, 
hot  surfaces,  etc. 

The  following  factors  should  not  be  overlooked  in  the  investigation 
of  u  new  system; 

1.  The  possibility  of  reaction,  such  as  the  formation  of 
pcrformic  acid  in  the  system  containing  formic  acid. 

In  this  case,  the  explosive  region  increases  in  urea  as 
a  fund  ion  of  time  because  pcrformic  acid  is  generated 
at  a  measurable  rate. 
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2. 


The  addition  of  a  new  species  ou.Ii  uu  sulfuric  acid, 
which  at  high  1I..S0./1L0  ratios  caused  the  uu code tuna- 

SL>  *•  9m 

tiou  of  con pus it inns  which  hud  yielded  negative  impact 
toot  results.  This  is  uouul ly  u  time-dependent  reaction. 

3.  Immiscible  systems  cun  explode  at  interfaces.  Increased 
diojieroion  nay  cause  an  immiscible  system  to  be  us  dan¬ 
gerous  us  a  miscible  system, 

k,  Solids  such  us  ion  exchange  resins,  or  plasties  such 
as  polyvinyl-chloride ,  can  explode  when  saturated  with 
concentrated  hydrogen  peroxide. 

3.  The  first  impuc t  tests  on  a  new  system  should  probably 
be  tuude  u  l  high  hydrogen  pci  oxide  concentrations  mid 
low  organic  compound  concentrations  since  this  region 
It  where  the  detonation  limit  is  closest  to  the  limit 
determined  viu  impact  test  or  cup-in-pipc  test.  For 
this  same  reuaun,  definitive  positive  tests  (us  opposed 
to  doubtful  tests  as  often  obtained  with  oxygen- 
deficient  mixtures)  will  be  obtained  in  this  region 
(He/.  O.l'i) 

6,2  iLUdiu)  nuzm.TioN 

As  described  in  the  Hazards  Section  (b.l),  spills  and  leakage 
of  hydrogen  peroxide  can  result  in  hazards  to  both  personnel 
and  facilities.  The  best  possible  means  of  avoiding  these 
hazards  is  to  eliminate  or  minimize  the  potential  cause  factors. 
Effective  reduction  of  leakage,  spills,  contamination,  and  other 
potentially  hazardous  situations  can  be  best  accomplished  by  the 
use  of  properly  designed  equipment  and  thoroughly  trained 
personnel. 
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6.2.1  System  Intimity 


The*  importance  o  1  the  design  ii  togrity  of  propellunt  Htorugc, 
trunsfer,  'And  handling  syelems  cumiot  he  overemphasized .  The 
systems  should  he  reliable,  operationally  flexible,  and  cuBy 
to  nuintuxn.  Some  of  the  suggested  design  criteria  that  should 
be  incorporated  in  a  system  are: 

1.  The  nystom  must  be  constructed  of  truteiials  which  are 
definitely  know)  to  be  compatible  with  liydrogen 
peroxide. 

2,  The  system  will  be  designed  and  opcruied  in  such  a 
manner  as  to  prevent  contumiuution  of  the  system  with 
known  reactive  materials. 

J.  The  number  of  mechanical  joints  will  be  reduced  to  a 
minimum,  thus  reducing  the  probability  of  propellant 
leakage . 

4.  The  system  will  be  designed  to  safely  withstand  the 
luaximum  operating  pressure. 

5-  Tnc  transfer  lines  will  be  free  of  liquid  traps. 

6.  An  inert-gas  (moisture-free)  system  must  be  provided 
to  purge  the  transfer  lines  without  the  necessity  of 
dumping  the  residual  hydrogen  peroxide  or  disconnect¬ 
ing  any  system  joints. 

7.  The  system  components  muct  be  reliable,  compatible 
with  hydrogen  peroxide,  aud  properly  serviced  (cleaned 
and  passivated). 

8.  Sufficient  remotely  activated  control  equipment  must 
be  provided  to  isolute  portions  of  the  system  duriug 
emergencies  or  component  replacement. 

The  continual  observation  of  an  operational  system  for  possible 
malfunctions  can  preveut  serious  propellant  spills. 
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Truiucd  Temoiuiel 


Properly  iruiucd  personnel  are  required  to  handle  propellant- 
grade  hydrogen  peroxide.  All  pemouuel  concerned  with  the 
handling,  storage,  or  transfer  of  hydrogen  peroxide  should  he 
thoroughly  familiar  with  the  following: 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


The  nature  and  properties  of  propellant-grade  hydrogen 
peroxide 

Compatible  materials  of  construction  and  the  necessity 
ol  esscntiul  passivation  techniques 

Operation  of  the  transfer  and  storuge  system 

Toxicity  and  physiologi cal  effects  of  hydrogen 
peroxide 

Operation  und  use  oi  safety  equipment  and  clothing 

Tire  and  spill  prevention  techniques 

Tire  and  spill  control  tucusurcs 

Disposal  und  decontuminuti  n  techniques 

Local  operating  procedures  unu  regulations 

First  aid  techniques 


No  person  should  he  ul lowed  to  handle  hydrogen  peroxide  unless 
thoroughly  familiar  with  the  previously  listed  items  und  should 
be  confident  that  the  propellant  can  be  bundled  safely  with  the 
equipment  and  facilities  available.  In  addition,  all  operations 
should  be  controlled  by  u  procedures  checklist,  which  bus  been 
prepared  and  thoroughly  checked  by  personnel  most  l'amiliur  with 
the  potential  problem  areus.  As  further  safeguards,  close 
supervision  should  be  maintained  to  ensure  adherence  to  safety 
practices,  and  all  operations  involving  the  bundling  of  hydrogen 
peroxide  should  be  performed  by  groups  of  two  or  more  persons. 


397 


6.3  llAZAJID  C UNlllOL 


6.3.1  1'acility  Safety  Equipment 

Equipment  fur  futility  protection  iihuuld  consist  uf  a  water  deluge 
system  and  fire  hoses  (chemical  fire  extinguishers  are  not  to  be 
used  on  hydrogen  peroxide  firca).  This  equipment  should  be  stru- 
tegicully  locuted  uud  easily  accessible.  Other  facility  items  tu 
be  provided  for  personnel  protection  include  sufety  showers,  eye 
wash  fountuine,  and  appropriately  locuted  first  rid  hits. 

All  operating  personnel  should  be  thoroughly  fumiliur  with  the 
location  and  operation  of  each  piece  of  aui'ety  equipment.  The 
operating  condition  of  the  equipment  must  be  verified  periodically. 


6.3.2  Spill  Control 

A  propellant'  spill  cun  be  most  efficiently  controlled  by  perform¬ 
ing  the  following  steps  in  the  order  listed: 

1.  Stop  the  propellant-handling  operations 

2.  Isolote  the  propellant  tanks  from  the  ijunsfer  lints  by 
closing  the  uecessury  valves  (by  remote  control  if  possible) 

3.  Locate  the  source  of  the  spill 

4.  Isolate  the  components  affected  by  closing  the  necessary 
vu  1  ve  s 

5.  Dispose  of  the  spilled  propellant 

The  performance  of  the  first  four  steps  should  be  automatic  and 
can  be  perfomed  in  a  very  short  time. 

The  disposition  of  the  spilled  propellant  should  not  be  too  diffi¬ 
cult,  especially'  when  propellant  handling  is  perfomed  during  satis¬ 
factory  veuther  conditions  and  the  first  four  steps  listed  previously 
are  quickly  executed. 
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llydiogcn  peroxide  spills  can  beat  be  cmtrolled  by  deluging  the 
•filled  propel lunt  wx  Lb  lurge  quantities  ol  wuter.  Alter  the 
spill  it*  controlled,  tue  entire  uxeu  must  be  thoroughly  cleaned 
to  prevent  the  possibility  of  lire. 


6.3.3  tire  and  lixplosion  Control 

Since  moat  wooden  flooring,  straw,  rags,  clothing,  lratlni,  etc., 
coutuin  enough  catalytic  material  to  cuuse  rupid  ignition  with 
90-pcrceut  hydrogen  peroxide,  proper  precautions  should  be  taken 
with  this  l'uet  in  mind.  Storage  areas  for  concentrated  solutions 
should  be  of  fireproof  construction,  and  provision  should  be  made 
for  the  flushing  aval  tlruining  of  spillage. 

tires  involving  hydrogen  peroxide  should  be  controlled  with  water, 
because  it  dilutee  the  hydrogen  peroxide  and  reduces  the  intensity 
of  flare  burning.  The  proopt  application  of  copious  amounts  of 
wuter  dilutes  uud  cools,  eliminating  or  minimising  the  possibility 
of  violent  rouctiou.  0111*110!  Fill!  EXTINGUISH!!!!  SHOULD  NOT  11!  USED. 


To  gain  control,  at  least  two  purls  of  water  for  each  part  of 
hydrogen  peroxide  present  should  be  upplied.  Decuuse  c  .ituiuers 
muy  burst,  creating  u  fragmentation  huz;uvd,  fighting  these  fires 
with  bund  lines  is  dangerous;  therefore,  prefire  arrangements 
(i.e.,  the  provision  of  fixed  systems,  etc.)  should  be  mude .  In 
e  hydrogen  peroxide-fuel  fire,  every  possible  effort  should  be 
exerted  to  stop  the  flow  of  both  fuel  and  hydrogen  peroxide.  If 
a  fire  breuks  out  nearby,  containers  of  9D-percent  hydrogen  peroxide 
should  be  kept  below  231)  F  to  prevent  vupor-phusc  explosions.  A 
teiqperatdre-ttctuutod  sprinkler  systum  on  the  storage  tanks  could 
be  enysloyed  as  0  further  precaution. 


To  prevent  an  explosion,  hydrogen  peroxide  should  be  stored  at  a 
temperature  low  enough  to  px-eveut  excessive  gus  formation  due  to 
decomposition.  (A  temperature  below  F  is  recommended  for 
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long-term  storage  as  noted  in  Ref.  6.4).  Hydrogen  peroxide  that 
has  become  contaminated  or  shows  an  abnormal  temperature  rise 
should  be  diluted  and  disposed  of.  Phosphoric  acid  (fl^PO^)  may 
be  added  as  an  emergency  stabilizer  to  reduce  decomposition 
(Ref.  6.4)  before  disposal. 

6.4  PERSONNEL  PROTECTION 

6.4.1  Personnel  Safety  Equipment 

The  main  personnel  hazard  in  handling  concentrated  hydrogen  per¬ 
oxide  is  probably  not  from  the  contact  of  peroxide  with  the  skin 
but  the  danger  of  burns  caused  by  ignition  of  clothing.  Protec¬ 
tive  clothing  .is  necessary  for  all  personnel  handling  concentrated 
hydrogen  peroxide .  Ordinary  fabrics  made  of  cotton,  rayon,  leather, 
or  wool  should  not  be  used,  because  these  are  apt  to  ignite  when 
splashed  with  hydrogen  peroxide.  Unnoticed  splashes  on  ordinary 
clothing  may  cause  fire  sometime  after  the  occurrence.  Conven¬ 
tional  permeable  clothing  of  Dacron,  Dynel,  or  Orion,  when  used 
with  eye  goggles,  gloves,  and  boots,  normally  gives  adequate  pro¬ 
tection.  For  full  body  protection,  vinyl  coveralls  or  aprons  of 
Koroseal  or  Neoprene  should  be  used.  The  clothing  must  cover  all 
parts  of  the  operator's  body  and  must  be  adjusted  so  as  to  prevent 
drainage  into  the  gloves  or  boots.  Permeable  clothing  wet  with 
peroxide  must  be  flushed  with  water  and  removed  promptly,  and  the 
affected  body  parts  mu3t  be  thoroughly  washed. 

The  hands  and  feet  are  always  subject  to  contamination  during  the 
handling  of  liquid  propellants  or  associated  equipment.  Gloves 
and  boots  will  keep  hydrogen  peroxide  from  touching  the  skin. 
(Leather  reacts  quite  readily  with  hydrogen  peroxide,  however.) 

The  gloves  used  should  protect  against  hydrogen  peroxide  ond  also 
should  allow  free  movement  of  the  fingers.  The  vinyl-coated  gloves, 
Type  R-l,  Mil-G-4244  (Ref.  6.16)  meet  these  requirements.  Surgical 
rubber  gloves  or  lightweight  Neoprene  gloves  ore  suitable  for  hand¬ 
ling  small  parts.  Since  boots  of  the  approved  protective  materials 
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are  not  commercially  available,  an  overboot,  designed  to  be  worn 
over  regular  safety  footwear  and  high  enough  to  fit  comfortably 
under  the  protective  trousers,  is  suitable.  Boots  mude  of  natural 
or  reclaimed  rubber  or  GR-S  may  be  used  with  reasonable  safety  if 
any  contamination  is  washed  off  quickly.  The  boots  Bhould  be 
frequently  inspected  to  detect  flaws  which  might  result  in  personal 
injury.  Severe  foot  burns  can  result  from  splashes  on  ordinary 
shoes . 

Respiratory  protection  against  vapors  is  not  ordinarily  required. 
Respirators  approved  for  protection  against  hydrogen  peroxide 
mists,  however,  should  be  available  for  use  where  exposure  to  the 
aerosol  or  mist  is  possible  (Ref.  6.17  and  6.18). 

In  selection  of  protective  clothing  for  H,^0o  handling,  the  degree 
of  hazard  involved  and  the  workers'  comfort  and  agility  must  be 
considered.  Overdressing  and  use  of  protective  accessories  when 
not  warranted  can  actually  be  hazardous.  A  hood  and  full  suit  of 
impermeable  clothing  is  only  required  where  danger  of  gross  spill¬ 
age  or  spray  directly  on  the  worker  is  involved.  In  a  pump  trans¬ 
fer  operation  of  hydrogen  peroxide  above  50  w/o,  at  least  one  man 
should  be  fully  outfitted  with  impermeable  clothing  if  detachable 
equipment  such  as  a  hose  is  being  used.  For  handling  hydrogen 
peroxide  in  drum  quantities  and  in  pump  tx’ansfers  in  a  permanent 
piping  system,  the  permeable  uniform  worn  with  face  shield,  or 
eye  goggles,  rubber  gloves,  apron,  and  boots  or  rubbers  will  be 
sufficient.  When  wearing  permeable  Dacron  or  Dynel  shirts  and 
trousers,  it  is  good  practice  to  wear  Dacron  or  Dynel  underwear 
and  socks.  Goggles  which  afford  complete  eye  protection  should 
be  worn  during  all  handling  and  transfer  operations.  Water  must 
always  be  available  and  two  persons  must  always  be  present  when 
high-strength  hydrogen  peroxide  is  handled  even  if  protective 
clothing  is  worn. 

Protective  clothing  and  accessories  recommended  for  personnel  hand¬ 
ling  propellant-grade  hydrogen  peroxide  are  listed  in  Table  6.7. 
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6.4.2 


First  Aid 


IF  1IYDR0GEN  PEROXIDE  CONTACTS  THE  SKIN.  Flood  the  area  involved 
with  water.  If  burns  ore  present,  refer  to  a  physician. 

IF  HYDROGEN  PEROXIDE  CONTACTS  THE  EYES.  Flush  inauediutoly  and 
freely  with  water  for  at  least  10  to  15  minutes;  or  if  water  is 
not  available,  saliva  can  be  used  to  absorb  the  hydrogen  peroxide 
and  decrease  the  effect  upon  the  tender  eye  membrane  (Ref.  6.5). 
This  should  be  done  if  even  minute  quantities  of  solution  have 
entered  the  eyes.  For  any  case  of  exposure  involving  the  eyes, 
refer  to  an  eye  specialist. 

IF  HYDROGEN  PEROXIDE  IS  SWALLOWED.  Encourage  vomiting.  Give 
lukewarm  water  freely  and  encourage  belching  if  there  is  evidence 
of  distention.  Call  a  physician. 

IF  HYDROGEN  PEROXIDE  VAPOR  (HI  MIST  IS  INHALED.  Remove  victim 
immediately  from  further  expose  If  irritation  of  the  nose 
and  throat  is  severe,  refer  to  physician. 


6.4.3  Medical  Treatment 


IN  CASES  OF  EXTREME  EXPOSURE  OR  CONTACT,  OR  PERSISTING  IRRITATION, 
A  PHYSICIAN  SHOULD  BE  NOTIFIED. 
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90-  TO  100-PERCENT  HYDROGEN  PEROXIDE  THERMAL  SENSITIVITY  DATA* 
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were  not  referenced  or  otherwise  detailed  vith  regard  to  additional  test  parameters  and  tech¬ 
niques,  are  included  as  a  general  salary  of  the  data  preceeding  the  efforts  reported  in 
Ref.  6.12. 


DECOMPOSITION  TESTS  OF  HYDROGEN  PEROXIDE* 
(250-cc  Round-Bottoa  Glass  Flask) 
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♦Ref.  6.12 

♦•Flask  opening  covered  vith  alcninusi  sheet 


iGKPOSmON  TESTS  OF  HHJROGB*  PEROXIDE* 
(26f-  cc  Closed  Vessel) 
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EMSITTVrrT  TESTS  OP  HTDROOUf 
(Modified  Card -Gap  Apparatus) 
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98-parcant  HgOg  40  33  5  Fragmented  apparatus;  nc 

_ _ _ _ I  to  crusher  _ 

6.12 


1'ADLh  6.0 


90--  ft)  1  OO-OPIilClINT  IfHVliOOEN  l*12iUAXL»i^  8U0CL.  SENSITIVITT  DATA* 


— 

H„0U,  v/o 

_90 

95 

100 

Impact  feats 

Rifle  Fire 

a. - 

No.  6  rud  fct  Blasting 

-No  detouatioua - **- 

Cape  Alone 

No.  6  and  8  Dlaatiug  Capa 

Incomplete 

detouution  — * 

-aw  Complete 

With  Pentucrythri tol 

Ballistic  Mortar 

40  percent 

80  percent 

of  TNT 

of  TNT 

Lead  Block  Enlargement 

5  cc/gm 

7  cc/gm 

9  to  12  cc/gm 

Explosion  Velocity 

<100  meter/ 

4500  meter/ 

6200  meter/ 

Aluminum  Pipe 

eec 

aec 

aec 

Closed  Steel  Tubes,  173  milli- 

Ne 

Detonated 

liters  Ro°o  ♦  50  grams  Feuthrite 

Detouution 

Primed  With  Fulmiuute 

•Data  taken  from  work  of  various  investigators  and  aunmariaed  iu  Kef.  6.12. 
fhese  data,  vbich  are  not  referenced  or  otherwise  detailed  with  regard  to 
additional  teat  parameters  and  techniques,  are  included  as  a  general  susm 
of  the  efforts  preceding  the  data  reported  iu  Ref.  6.12. 
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TAilLk  6.7 


PHUTCCTlVi;  CLOTHING  AND  ACCESSORIES  RECOMMENDED  FOR 
rERSONNEL  HANDLING  CONCENTRATED  HYDROGEN  PEROXIDE* 


Horn 


Description 


Source 


Skirts, 

Trousers 


Dacron  fabric,  Polystyrene  buttons,  Worklon,  luc.,  N.Y.,  N.Y. 
no  frout  or  side  pockets,  no  ouffB 

Pyuel  Fabric  Miue  Safety  Appl .  Co. 


100-pcroent  Pyuel  Chum-Weave,  Ckom-Wour,  Inc., 

medium  weight  Puriuu,  Conn. 


Belts 


Viuyl  plastic,  with  plastic  buckle  Numerous  commercial 

sources 


Underskirts  Dacron 


Dacron-cotton  (can  be  ignited  if 
•oiled) 

£Uorts  Du cron 


Socks 


Knit  Due  ion,  no  elastic,  white 
Sty  lie  1  fabric 


Alarnuc  Knitting  Hills, 
N.Y.,  N.Y.,  Special  lot, 
minimum  order,  10  doxen 

Curmi-AiuBbrooke  Corp., 
Curuii,  Illinois 

Cunui-Ainsbrooke  Corp. 
Muukattuu  Skirt  Co., 

N.Y.,  N.Y. 

Hols  ton  Mfg.  Co., 
Knoxville,  Tenn.  Numerous 
commercial  sources 


SilUHH 


Rubbers 

Boots 

Goggles 


Face  Shield 
Gloves 


Apron 


6-inch  Noourune  Cuutsd.  No.  QQO 
steel  toe 

Ful 3,  Neoprene  with  tongue 

Neoprene,  knee  length 

No.  93  AV  large  nose,  clear’ 
Willson  Mono goggle 


iruu  Age  iii  v  , .  uii  iuu  a 

Co.,  Inc.,  Pittsburgh,  Pa. 

Numerous  commercial  sources 

Numerous  commercial  sources 

Willson  Products,  Inc., 
Beading,  Pa. 


Model  293607  SAF-l-CHfcM,  Series  29 
clear  lens 

No.  324  clear  Sellstrom  face  shield 

Sure seal,  gauntlet,  Viuyl  or 
Neoprene,  No.  116  lightweight  for 
laboratory  use.  No.  136  medium 
weight  for  work  use 

S-mil  viuyl  plastic.  Surgeon's 
type,  extra  long,  overlapping  in 
back,  ties  in  front. 


U.S.  Safety  Service  Co. 
Kansas  City,  Mo. 

Watson  Co.,  Buffalo,  N.Y. 

Surety  Rubber  Co. 
Carrollton,  Ohio 


Milburn  Co. 
Detroit  7,  Mich. 


<®ef.  6.19 
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TABLE  6„7 
(Concluded) 


Item 

Description 

Source 

Coveralls 

Vinyl  plastic.  One-piece,  light 
weight  disposable  unit.  Grey  color 

Mine  Safety  Appliance 

Cups 

Dacron  fabric.  Baseball  type,  with 
removable  sunshade  for  neck. 

Worklon,  Inc. 

Dynel  fabric 

Chem-Wear 

Mine  Safety  Appliance 

Hood 

8-mil  vinyl  methacrylate  window, 
detachable  head  band,  adjustable 
for  size 

Milburn  Co. 

Detroit  7,  Mich. 

Impermeable 

Jacket 

Fiberthjn  Eaynster,  Neoprene  coated 
Nylon,  MRS-107 

U.S.  Rubber  Co. 
Washington,  InJ. 

Impermeable 

Overalls 

Fiberthin  Raynster,  MR0-107 

U.S.  Rubber  Co. 
Washington,  Ind. 

OUTDOOR  WINTER-WEIGHT  PROTECTIVE 

CLOTHING 

Shirts 

55-percent  Dacron-45  percent  wool 
Sport-type  shirt,  polystyrene 
buttons 

Worklon,  Inc. 

New  York,  N.Y. 

Trousers 

55-percent  Dacron-45  percent  wool 

No  pockets,  cuffs 

Worklon,  Inc. 

New  York,  N.Y. 

Cap 

100-percent  Dacron  pile  lining, 
outer  material 

Borg  Fabric  Div. 

G.  W.  Borg  Co. 

Delavan,  Wise. 

Pants 

100-percent  Dacron  pile  lining, 
outer  material 

Borg  Fabric  Div. 

Boots 

Neoprene,  insulated  boots. 

Similar  to  U.S.  Army  all-rubber*, 
insulated  combat  boots 

Hood  Rubber  Co. 
Watertown,  Mass. 

Jacket 

100-percent  Dacron  pile  lining, 
outer  material 

Borg  Fabric  Div. 
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0  L _ I _ I - 1  . I 

60  70  SO  90  100 

HYDROGEN  PEROXIDE,  WEIGHT  PERCENT 

Figure  6.1.  Ignition  Delay  of  Hydrogen  Peroxide 
With  Felt  (Ref.  6.7) 
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PRESSURE,  PSIA 


OjOI  O.l  0.4 

CONCENTRATION  OF  HYDROGEN  PEROXIDE  IN  VAPOR  PHASE, 

MOLE  FRACTION 


Figure  6.2.  Ignition  Limits  of  Ifydrogen  Peroxide  Vapor  (Ref.  6.8) 
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TEMPERATURE  of  liquid. 


SECTION  7:  DECOMPOSITION 


7.1  DECOMPOSITION  MECHANISM 

The  decomposition  of  hydrogen  peroxide  may  be  represented  by 
the  equation: 

f^02 - n-I^O  +  1/2  02 

This  decomposition  process  is  irreversible.  Kineticiats  study¬ 
ing  this  particular  decomposition  process  can  theoretically 
illustrate  10  to  20  intermediate  reactions  vhich  may  exist  in 
hydrogen  peroxide  decomposition;  however,  the  above  equation 
is  the  effective  rosult  of  these  intermediate  steps  in  the 
decomposition.  Although  the  rate  controlling  reaction  has  not 
been  identified,  it  is  generally  believed  that  it  is  one  in¬ 
volving  an  electron  transfer. 

Since  its  discovery,  when  Thenard  (Ref.  7.l)  reported  on  the 
effect  of  over  a  hundred  materials  on  the  decomposition  reaction, 
many  decomposition  studies  have  been  conducted  on  hydrogen 
peroxide  in  attempts  to  characterize  the  decomposition  process. 
Throughout  these  studies,  it  has  been  recognized  that  hydrogen 
peroxide  decomposition  is  a  result  of  both  homogeneous  and 
heterogeneous  reactiono.  This  decomposition,  when  both  the 
liquid  and  vapor  phases  of  hydrogen  peroxide  exist,  has  been 
considered  as  the  sum  of  five  types  of  reactions : (l)  homogeneous 
reaction  in  the  liquid  phase  between  the  hydrogen  peroxide  and 
dissolved  catalytic  or  oxidizable  components;  (2)  heterogeneous 
reaction  of  the  liquid  phase  with  surfaces  of  the  container 
and/or  suspended  particles;  (?)  heterogeneous  reaction  of  a 
film  of  condensed  hydrogen  peroxide  on  surfaces  in  contact  with 
the  vapor  phase;  (4)  heterogeneous  reaction  of  the  vapor  phase 
on  dry  surfaces;  and  (5)  homogeneous  decomposition  of  the  vapor 
phase  (Baf.  7.1). 
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In  a  recent  investigation  (  af.  7*2)  to  define  the  contribut¬ 
ions  of  these  individual  reactions  to  the  ambient  temperature 
decomposition  of  90  v/o  hydrogen  peroxide,  reaction  types  (4) 
and  (5)  were  ignored.  Reaction  type  (4)  probably  does  not  occur 
when  the  temperature  of  the  surfaces  is  below  the  hydrogen  per¬ 
oxide  boiling  point  and  the  effects  of  reaction  type  (3)  were 
considered  insignificant  at  the  temperatures  under  consideration. 
In  additio3i,  it  was  indicated  that  reaction  type  (l  )  could 
probably  be  separated  into  further  types  of  reactions;  however, 
for  the  purpose  of  the  particular  study,  the  liquid  phase  homo¬ 
geneous  decomposition  was  considered  as  being  essentially  ionic 
catalysis.  The  differences  between  reaction  types  (2)  and  (3) 
were  considered  to  be  in  the  effective  concentration  of  hydrogen 
peroxide  on  the  surfaces,  the  concentration  of  contaminants 
which  may  build  up  in  this  condensed  liquid  film,  and  in  the 
concentration  of  inhibitors  which  would  be  present  in  the  con¬ 
densed  film  (unless  agitation  of  the  vessel  caused  frequent 
wetting  and  washing  of  all  surfaces  with  the  hydrogen  peroxide 
liquid  phase). 


Assiming  these  three  types  of  reactions  are  the  only  contri¬ 
buting  effects  to  hydrogen  peroxide  decomposition  in  the  ambient 
temperature  range,  the  rate  of  decomposition  can  be  represented 
by  the  following  expression: 


d(Hr)  -  (HP)  +  (Hr)  (S/V)liq>  +  ^0**’)  (s/V) 
dt 

where  HP  **  concentration  of  hydrogen  peroxide 

ltj  *  liquid  phase  homogeneous  reaction  rate 
kg  -  liquid  phase  heterogeneous  reaction  rate 
k^  ■  vapor  phase  heterogeneous  reaction  rate 
S/V  surface  to  volume  ratio  of  the  liquid  phase 
g/V  m  surface  to  volume  rati  *  of  the  vapor  phase 
t  -  time 


vapor 


Through  the  use  of  various  purification  techniques,  relatively 
inert  surfaces,  and  the  absence  of  a  vapor  phase,  the  expert- 
Mentors  of  Ref.  7,2  ve re  able  to  isolate,  for  all  practical  pur-  ' 
poses,  the  effective  homogeneous  reaction  rates  of  the  liquid 
from  20  to  100  C  (68  to  212  F).  Using  these  data,  the  effects 
of  soluble  additives  (such  as  stabilizers)  on  the  liquid  phase 
vere  also  determined.  Although  the  data  resulting  from  this 
vork  varied  from  test  to  test  and  as  a  function  of  stabilizer 
concentration  and  type,  temperature,  and  manufacturing  process, 
the  homogeneous  decomposition  rate  of  the  stabilized  and 
unstabilized  liquid  vus  generally  found  to  be  less  than 
~  0.03  w/o  active  oxygen  loss  (AOL)  per  year  at  100  (212  F). 

In  addition,  it  was  indicated  that  for  future  comparisons  of 
results  at  different  temperatures  or  the  estimation  of  decom¬ 
position  rates  at  various  temperatures,  the  activation  energy 
for  the  homogeneous  decomposition  of  hydrogen  peroxide  can  be 
assumed  to  be  18  kcal/mole. 

As  a  result  of  this  work,  the  experimenters  indicated  that  the 
predicted  homogeneous  decomposition  rate  of  hydrogen  peroxide 

would  correspond  to  the  following  expression: 

-  1800 

Dx  -  10  7,2e  1.987T 

where  -  homogeneous  decomposition  rate  in  weight 
fraction/year 
T  B  temperature  in  K, 

Using  an  overall  decomposition  rate  with  a  correction  for  the 
effect  of  the  homogeneous  rate,  heterogeneous  decomposition 
rates  were  also  determined  in  this  study.  Values  were  calcu¬ 
lated  for  k^  using  experimental  decoaqiosition  rates  obtained  for 
hydrogen  peroxide  storage  in  5-gallon  storage  tanks  fabricated 
from  different  materials.  In  these  tests  it  was  assumed  that 
the  rate  constants  for  both  vapor  phase  and  liquid  phase  hetero¬ 
geneous  decomposition  were  equivalent  at  the  lower  temperatures 
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(on  tbe  basis  that  the  rate  of  decomposition  was  sufficiently 
slow  so  that  nass  transfer  of  hydrogen  peroxide  to  the  vapor 
space  surface  was  not  the  controlling  rate);  thus  the  heter¬ 
ogeneous  decoaposition  rate  for  both  phases  vqs  equivalent  to 
(S/V)  where  (5/V)  represented  the  total  exposed  surfaco 
area  of  the  tank  relative  to  the  volume  of  the  liquid  hydrogen 
peroxide.  Results  of  these  tests  indicated  that  1^  for  the 

A* 

different  materials  at  25  C  (77  F)  appeared  to  be  as  follows: 
1200  aluminum  -  O.OO65  weight  fraction  AOL,  cm/yoar 
5052  aluminum  =  0.0160  weight  fraction  AOL,  cm/yoar 
tin  plate  -  0.280  weight  fraction  AOL,  cm/yeor 
Kc  1 -I  -  O.OOJI  weight  fraction  AOL,  cm/year 

Additional  studies  in  this  and  the  homogeneous  area  are  being 
conducted  by  the  same  investigators  and  have  been  reported 
thus  far  in  Ref.  7.3  and  7.4. 


A  study  of  hydrogen  peroxide  homogeneous  decomposition  rates 
in  the  complete  absence  of  catalytic  surface  effects  (Ref.  7.5) 
was  attempted  through  the  use  of  solid  hydrogen  peroxide  as 
the  container  wall.  Unfortunately,  during  the  period  of  the 
contracted  work,  the  desired  experimental  conditions  were  not 
obtained,  although  definitive  techniques  were  proposed  for 
future  study.  However,  during  the  study,  total  decomposition 


rates  were  measured  on  several  purified  and  stabilized  grades 


of  90  and  98  w/c  hydrogen  peroxide  in  both  the  froxen  (-60 
and  -30  C)  and  the  cooled  liquid  (0  C)  state.  The  resulting 
decomposition  rates  from  these  tests,  which  were  effectively 
due  to  homogeneous  decomposition  effects,  were  below  0.023 
w/o  AOL/year. 


Throughout  the  various  decomposition  studies  that  have  been 
conducted  on  hydrogen  peroxide,  it  has  been,  generally  in¬ 
dicated  that  the  homogeneous  decomposition  rates  of  liquid 
hydrogen  peroxide  were  found  to  be  dependent  upon: 

1.  Hydrogen  peroxide  concentration 
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2.  Type  of  additives  or  contaminants  present 

3.  Concentration  of  additives  or  contaminants 

4.  pH 

5.  Particular  combinations  of  foreign  material*  present 

6.  Temperature 

Similarly,  the  heterogeneous  reaction  rates  were  found  to  be 
dependent  upon: 

1.  Hydrogen  peroxide  concentration 

2.  Temperature 

3.  Passivation  or  cleaning  technique 

km  Surface  area 

3.  Surface  finish  (aroa  ratio) 

6.  Localized  concentrations  of  impurities  in  the  solid 
surface 

7.  Pressure  (under  certain  conditions) 

Numerous  investigators  have  reported  decomposition  and 
stability  data  for  hydrogen  peroxide  as  a  function  of  these 
variables  and  with  hundreds  of  various  materials.  Because 
of  the  uncertainty  involved  in  trying  to  se4  irate  any  one  of 
the  contributing  parameters  in  the  decomposition  process, 
illustrations  of  the  individual  parameters  are  not  presented 
in  this  handbook.  However,  these  decomposition  data  are 
euunarized  as  total  effects  relative  to  engineering  parameters 
auch  as  storability  (Section  4.1 ),  materials  compatibility 
(Section  4.2),  passivation  effectiveness  (Section  4.3)»  etc., 
in  other  parts  of  this  handbook. 

For  those  users  of  this  handbook  who  are  interested  In  more 
details  ol  various  reaction  rates  and  other  aspects  in  the 
decomposition  of  hydrogen  peroxide,  the  use  of  the  previously 
referenced  literature  (Bef.  7.1,  7,2,  7.3*  7.4,  and  7.5)  as 
veil  as  the  UBe  of  references  to  literature  on  decomposition 
provided  in  the  attendant  bibliography  (Section  8.9)  will 
provide  the  basis  for  further  investigation. 
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7.2 


CONI'HOLLO)  EWUQHWSITIQN 


The  hydrogen  peroxide  decomposition  proceed  ie  used  under 
controlled  conditions  to  provide  a  high  te^creturc  gsa  es 
the  vo.ka.ng  fluid  for  reaction  control  systems,  auxiliaxy 
power  units,  turbopump  dr ire,  undorvater  propulsion,  etc. 
Ordinarily,  to  achieve  effective  use  of  the  decomposition 
process  for  these  applications,  the  hydrogen  peroxide  must 
undergo  a  rapid  and  complete  decomposition  to  11., 0  and  0 
vithiu  the  confines  of  e  combustion  chamber;  the  decomposition 
must  be  immediately  initiated  upon  entry  to  the  chamber  and 
must  be  completed  upon  exit.  The  process  must  occur  smoothly 
vithout  radical  surges  or  oscillations  in  the  working  pressure. 
There  have  been  two  primary  methods  employed  to  initiate  and 
maintain  this  type  of  a  controlled  decomposition  of  hydrogen 
peroxide  in  a  combustion  chamber:  (l)  catalytic  decomposition 
and  (2)  thermal  decomposition. 


7.2.1  Catalytic  Decomposition 


Catalytic  decompooition  of  hydrogen  peroxide  is,  as  implied, 
dependent  on  the  use  of  a  catalyst,  either  as  a  liquid  in  a 
fluid-type  catalytic  chamber  or  as  a  solid  in  j  fixed  bed 
chamber.  In  the  use  of  a  liquid  catalyst,  a  suitable  cata¬ 
lytic  liquid  Ie  continuously  injected  in  to  the  conujuBilou 
chamber  vith  the  hydregeu  peroxide  and  ejected  out  of  the 
combustion  chamber  vith  the  decomposition  gases.  The  liquid 
catalysts  uonnally  employed  are  aqueous  solutions  of  calcium 
or  potassiisc  permanganate. 


Solid  catalyst  beds  normally  consist  of  packed  columns  of 
porous  materials  or  screens,  which  have  been  coated  with  the 
catalytic  agent.  The  solid  porous  materials  are  usually  re¬ 
ferred  to  as  catalytic  atones  and  are  activated  by  impregnation 
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with  the  catalytic  agent  contained  in  a  advent  with  subse¬ 
quent  removal  of  tba  solvent  (usually  by  drying  1.  Materials 

that  have  been  commonly  used  fur  thi*  type  of  aolid  catalyst 
are  aqueous  solution*  ol  calci\m  or  potassium  permanganate, 
or  the  metallic  nitrates.  Calciw  permanganate  ia  usually 
p ref ered  to  potassius  pej'tnanganate,  primarily  due  to  its 
higher  solubility  iu  water.  The  most  effective  results  from 
this  type  of  catalyst  are  usually  obtained  with  alumina  or 
carborundum  particles  as  the  porous  carrier  medium. 

Silver  is  probably  the  best  known  and  the  most  active  cata¬ 
lyst  for  the  decomposition  of  hydrogen  peroxide.  This  cata- 
lyt  ic  material  is  usually  applied  in  a  ecreen  type  of  con¬ 
figuration.  Since  pure  silver  has  proven  somewhat  undesirable 
from  a  physical  integrity  standpoint  (especially  at  the 
temperatures  obtained  in  this  type  of  application)  and  be¬ 
cause  of  it<.  hip*.  ■'t,  the  silver  cjtaiyst  is  also  used  ms 
•  plating  on  brass,  nicker,  o  '  stainless  steel  screens.  To 
further  reduce  the  cost  imposed  b;>  the  silver,  stainless  or 
nickel  screens  r. re  xnce.mungled  with  the  silver  or  silver 
coated  screen*,  without  reducing  catalyst  effectiveness;  of 
course  a  minimum  number  ('*hich  is  dependent  on  the  particular 
configuration)  of  catalyst  screens,  is  required  for  satis¬ 
factory  oper  tion.  The  use  of  the  silver  plated  screens 
usually  offers  better  initial  starting  characteristics  than 
the  catalyst  does  and  provides  more  structural  integrity  in 
the  bed;  however,  such  screens  ax*e  more  subject  to  catalyst 
stripping  during  operation.  Because  the  initial  activity 
of  previously  unused  silver  catalysts  is  normally  lov,  they 
ere  usually  "activated"  by  pretreatement  vith  samarium 
nitrate  (by  immersion)  and  hot  fired  in  a  furnace  prior  to 
tbeir  use  in  the  catalyst  pack. 


423 


Although  the  silver  and  the  permanganate  catalysts  have 
been  the  catalysts  of  choice  for  most  of  the  controlled 
decomposition  concepts,  there  are  a  number  of  other  types 
of  materials  which  have  been  investigated  as  hydrogen  per¬ 
oxide  catalysts.  Identification  of  these  different  materials 
and  a  more  detailed  discussion  of  the  catalytic  decomposi¬ 
tion  process  are  contained  in  Ref.  7.1,  7.6,  7.7,  and  7.8. 

A  complete  bibliography  of  other  data  in  this  area  has  been 
compiled  in  Ref.  7.9. 

Catalyst  Pack  Design  and  Descriptions.  The  permanganate 
liquid  catalyst  was  initially  used  by  the  Germans  during 
World  War  II  for  application  in  torpedo  propulsion  and  in 
a  gas  generator  to  drive  the  turbopumps  for  the  V-2  rocket. 
Although  the  liquid  permanganate  catalyst  is  still  used 
for  some  underwater  propulsion  applications,  the  solid 
catalysts  have  proven  to  be  more  applicable  to  most  of  the 
present  monopi opellant  hydrogen  peroxide  propulsion  and 
gas  generation  concepts. 

The  first  effective  application  of  the  solid  catalyst  con¬ 
cept  was  in  the  Eeustone  Missile  gas  generator  system. 

This  catalyst  (Ref.  7-10)  was  used  to  decompose  a  76  w/o 
hydrogen  peroxide  solution  to  provide  working  gases  for  a 
turbine  which  was  used  to  drive  the  main  propellant  pumps 
of  the  missile  system.  The  catalyst  was  a  polysurfaced 
silicon  carbide  "stone"  which  had  been  impregnated  with 
calcium  permanganate.  These  "permanganate  stones"  (IMS) 
were  screened  to  +16  mesh  and  packed  into  a  catalyst  bed 
of  approximately  3  inches  depth,  where  they  were  held  in 
place  by  on  inlet  screen  of  16  mesh  and  outlet  screens  of 
16  and  80  mesh,  supported  by  rigid  perforated  steel  plates. 

A  hydrogen  peroxide  flow  rate  of  ~  6.0  lls/sec  resulted  in 
n  bed  loading  rate  of  ~  10  lb/sq  in. -min  and  a  20- to  3fr-psi  bed 


pressure  drop.  The  catalyst  was  required  to  give  suitable 
operation  for  600  seconds;  the  start  transient  was  ~70-150 
ns  from  propellant  entry  into  the  chamber  to  Pc. 

Although  the  IMS  catalyst  provided  a  suitable  catalyst  for 
76  w/o  hydrogen  peroxide,  the  use  of  concentrations  in  ex¬ 
cess  of  85  w/o  HgOg  stripped  the  catalytic  material  from 
the  porous  carrier.  In  addition,  the  IMS  catalyst  had  a 
tendency  toward  fracturing  or  "dusting"  in  handling  with 
a  resultant  loss  in  catalytic  efficiency.  Thus  the  dev¬ 
elopment  of  a  more  suitable  catalyst  for  higher  hydrogen 
peroxide  concentrations  was  sought. 

In  the  middle  1950’s,  silver  catalyst  screens  were  developed 
for  use  with  90  w/o  FgO,,.  Since  then,  there  have  been  a 
number  of  different  types  of  silver  catalysts  developed  for 
different  applications.  Each  bed  is  unique  to  the  appli¬ 
cation  for  which  it  is  developed,  thus  each  particular  de¬ 
sign  may  be  slightly  different.  Because  there  are  a  number 
of  different  catalyst  beds  for  decomposition  of  90  w/o 
in  existence  today,  a  listing  of  each  in  this  handbook  would 
be  prohibitive.  Therefore  the  description  of  a  catalyst  pack 
for  90  w/o  HgOg  given  in  the  succeeding  paragraph  represents 
a  general  description  of  the  silver  screen  catalyst  pack  and 
does  not  represent  any  single  design. 

Silver  catalyst  screens  may  be  (as  mentioned  previously) 
fabricated  from  pure  silver  or  from  silver  plated-brass, 
-nickel,  or  -stainless  steel  screens.  The  screens  are 
usually  16  to  20  mesh  with  a  wire  diameter  of  rxO.014  inches. 
Some  specifications  for  catalyst  screens  call  for  a  66  to  71 
percent  light-transmission.  After  "activation"  by  samarium 
nitrate  immersion  and  baking,  the  screens  are  packed  into 
the  combustion  chamber  (with  a  light  force  fit  against  the 
valla)  at  right  angles  to  the  cos&ustion  chamber.  Usually 
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the  packing  is  such  that  a  stainless  steel  or  nickel  screen 
(inactive  screen)  is  placed  between  two  catalyst  screens. 

The  number  of  catalyst  screens  is  dependent  on  system  require¬ 
ments  (operational  life,  bed  size,  throughput,  pressure  drop 
limitations,  start  transients,  etc.)  and  may  vary  from  15  to 
as  many  as  100  catalyst  screens. 

Usually,  the  bed  is  terminated  with  several  "inactive" 
screens.  Perforated  stainless  steel  supports  are  used  ps 
screen  retainers,  and  also  may  be  placed  at  different  points 
in  the  bed  to  act  as  anti-channel  baffles.  The  entire  column 
is  compressed  to  some  specified  compacting  pressure  to  limit 
pressure  oscillations  and  assure  reproducible  performance 
(pressure  drop,  flow  rate,  temperature  gradient,  etc.)  from 
bed  to  bed  in  the  same  hardware.  Most  silver  screen  catalyst 
beds  are  operaied  at  bed-loadings  of  ~  20  lb/sq  in-min;  these 
bed  loading  rates  may  vary  although  it  should  be  noted  that 
higher  catalyst  bed  loading  rates  will  result  in  higher  bed 
pressure  drops  and  silver  eroeion  rates.  Bed  pressure  drops 
usually  run  from  75  to  125  psi. 

The  standard  silver  and  silver-plated  screen  catalysts  were 
found  to  be  inadequate  for  sustained  decomposition  of  90  w/o 
H^Og  that  is  pre-heated  to  temperatures  above  lOOto  150  F, 
or  for  concentrations  of  hydrogen  peroxide  with  adiabatic 
decomposition  temperatures  above  1400  to  1500  F.  Because 
many  preseut  applications  involve  preheating  of  the  hydrogen 
peroxide  (as  a  result  of  its  use  as  a  regenerative  coolant) 
and  the  use  of  98  w/o  HgOg  which  decomposes  at  ~  1800  F,  the 
development  of  a  catalyst  which  retains  physical  strength 
and  chemical  reactivity  above  this  temperature  has  been 
pursued . 
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The  initial  development  of  a  high  temperature  hydrogen 
peroxide  catalyst  vas  undertaken  by  Rocketdyne,  first 
under  company-sponsored  funding  and  later  under  Contract 
NOas  56-1052J.  Although  this  catalyst,  which  is  described 
in  Ref.  7.11,  has  been  used  successfully  at  Rocketdyne  for 
several  years  in  the  decomposition  of  93  w/o  ,  the 
catalyst's  physical  and  chemical  stability  at  temperatures  of 
2000  F  is  questionable.  Thus  under  Air  Force  Contract 
AF04(6ll )-11208,  FMC  initiated  the  development  of  new  de¬ 
composition  catalysts  for  98  w/o  Ho0o.  Their  progress  in 
these  efforts  have  been  reported  in  Ref.  7.12. 

For  those  users  of  this  handbook  who  are  interested  in  the 
detailed  design  of  catalyst  beds  for  various  concentrations 
of  propellant-grade  hydrogen  peroxide,  the  use  of  data  con¬ 
tained  in  Ref.  7.13,  7.14,  7.15,  and  7.16,  in  addition  to 
tbone  already  cited,  ere  suggested. 

7. 2. 1.3  Catalyst  Poisoning.  There  are  a  number  of  impurities  that 

may  be  contained  in  hydrogen  peroxide,  which  will  cause 
catalyst  poisoning  or  catalyst  pack  malfunction.  Although 
these  impurities  are  normally  associated  with  those  addi¬ 
tives  used  in  stabilization,  any  non-volatile  contaminant 
or  additive  in  the  hydrogen  peroxide  is  a  potential  cata¬ 
lyst  poison.  Residual  or  nongaseous  products  from  the 
decomposition  process,  such  as  tin  or  aluminum, may  act  as 
a  catalyst  poison  by  depositing  on  the  catalyst  to  decrease 
the  effective  catalytic  surface  or  by  physically  plugging 
the  flow  paths.  Other  materials  such  as  the  nitrates, 
chlorides,  and  phosphates  may  cause  excessive  erosion  and 
loss  cf  catalytic  material,  which  reduces  the  effective 
activity  of  the  catalyst.  Additives  which  act  as  stabilizers 
during  hydrogen  peroxide  storage  by  complexing  and  "tying 
up"  the  activity  of  heavy  metal  ions  also  tend  to  complex 
with  the  catalyst  material  in  the  combustion  chamber. 
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Although  the  particular  detail*  of  catalyet  poisoning  by 
various  potential  contaminants  are  not  completely  under¬ 
stood,  most  of  the  important  hydrogen  peroxide  catalyst 
poisoners  have  been  identified.  Attempts  at  characteriz¬ 
ing  limitations  for  each  of  the  individual  species  and 
the  contributions  and  limitations  of  their  interaction 
have  met  with  little  success.  However,  the  limitations 
(which  were  determined  under  an  extensive  Navy  "crash" 
program  and  further  refined  through  extensive  use)  placed 
on  inorganic  contaminants  in  the  hydrogen  peroxide  by  the 
procurement  specification  M1L-P-16005H  (see  Section  3-3) 
for  90  w/o  hydrogen  peroxide  have  been  effective  in  con¬ 
trolling  poisoning  of  catalysts  UBed  for  decomposition 
of  propulsion  grade  hydrogen  peroxide. 

7.2. 1.3.1  Effect  of  OrganicB.  For  some  time  there  has  been 

considerable  controversy  over  possible  differences  between 
hydrogen  peroxide  produced  by  the  various  production  tech¬ 
niques  with  respect  to  silver-screen  catalyst  performance 
and  failure.  Organic  contaminants  found  in  hydrogen  per¬ 
oxide  produced  by  the  organic  process  (namely  the  anthra- 
quinone  and  propane-derivative  oxidation  processes)  were 
suspected  of  being  responsible  for  various  catalyst  pack 
failures  that  occurred  periodically  in  various  hydrogen 
peroxide  decomposition  systems  (Ref.  7 - 15).  Although 
there  were  a  few  catalyst  pack  failures  (in  contrast  to 
the  many  successful  operations)  during  operation  of  the 
packs  with  organically  derived  hydrogen  peroxide,  there 
was  a  lack  of  clear-cut  analytical  evidence  indicating 
that  the  organic  contaminants  were  contributing  causes. 

Because  there  was  a  belief  that  the  higher  carbon  content 
of  the  organic  materials  either  caused  the  reaction  to  ex¬ 
ceed  the  melting  point  of  the  catalyst  or  caused  a  carbonate 
formation  on  the  surface  of  the  catalyst  (to  effectively 
poison  it),  a  study  was  conducted  by  Rocketdyne  (Ref.  7.11) 
to  determine  the  potential  effect  of  carbon  content  on 
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catalyst  performance.  Tbs  performances  of  three  types 
of  organically  derived  hydrogen  peroxide  were  compared  with 
that  from  the  electrolytic  process  in  silver  screen  catalyst 
packs  of  the  configuration  used  in  the  Rocketdyne  Super  Per¬ 
formance  Aircraft  Rocket  Engine  (Models  AR-1,  -2).  The 
results  from  these  tests  indicated  that  the  performance  of 
one  of  the  organically-derived  hydrogen  peroxides  (with  a 
carbon  content  of  150  to  200  mg/l)  was  equivalent  or  better 
than  that  of  the  electrolytically-produced  reference 
hydrogen  peroxide.  The  failure  of  the  catalyst  in  the 
use  of  the  other  two  organically-derived  hydrogen  peroxides 
(with  similar  carbon  contents  of  120  to  270  and  19k  to  212 
mg/l,  respectively)  was  theorized  to  be  a  result  of  either 

(1)  the  specific  nature  of  the  carbon  compounds  present, 

(2)  synergistic  effects  of  organic  and  inorganic  contamin¬ 
ants,  or  (3)  synergistic  effects  of  the  purely  inorganic 
impurities . 

Later,  after  apparent  improvements  in  the  process  for  the 
manufacture  of  organically-derived  hydrogen  peroxide,  pro¬ 
duction  models  of  the  Rocketdyne  AR-2  engine  system  were 
qualified  using  90  w/o  hydrogen  peroxide  (which  met  the 
requirements  of  MH-P-16005C )  from  the  three  manufacturers 
of  propellant-grade  hydrogen  peroxide.  No  catalyst  failures 
were  experienced  during  these  tests  that  were  attributable 
to  any  particular  type  of  hydrogen  peroxide,  either  organ- 
ically-or  el ectrolytically-de rived . 

Recently,  studies  were  conducted  by  the  Air  Force  Rocket 
Propulsion  Laboratory  (Ref.  7.17),  in  which  90  w/o  hydrogen 
peroxide  (procured  under  Mil-P-l6005D  from  the  various 
manufacturing  processes)  was  catalytically  decomposed  in 
an  1R-99  gas  generator  using  a  simulated  flight  feed  system. 

No  differences  were  observed  in  the  operation  or  performance 
between  the  three  types  of  propellant-grade  hydrogen  peroxide. 

*NOTE:  Mll-1^16Tk)5C  was  superceded  by  MIL-P-16005D 
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It  was  concluded  that  "there  was  no  evidence  to  indicate 
n  desirability  of  a  change  in  the  current  hydrogen  peroxide 
specification". 

Aa  a  result  of  these  recent  comparisons  of  hydrogen  peroxide 
catalyst  performance  with  both  organically-derived  and 
electrolytically-dcrived  hydrogen  peroxide,  it  iB  concluded 
that  the  propellant  procured  according  to  Mil-P-16005H  re¬ 
quirements  should  not  be  detrimental  to  the  performance  of 
the  present  silver-screen  catalysts.  However,  the  roles  of 
the  individual  contuminants  of  both  types  as  well  as  their 
inter-relationship  in  catalyst  poisoning  are  still  not 
completely  defined. 


7.2. 1.4 


Operational  Problems.  Although  reviews  of  the  operational 
problems  that  frequently  occur  in  the  catalytic  decomposi¬ 
tion  of  hydrogen  peroxide  appear  in  many  sources  (including 
in  particular,  Ref.  7-1  and  7.15),  a  very  adequate  and 
concise  discussion  of  the  problems  is  given  in  Ref.  7.18 
aa  follows: 

"It  is  now  opportune  to  consider  the  various  factors 
which  lead  to  a  loss  of  efficiency  of  «  (caiaiyst-Ed. ) 
pack. 


The  first  is  that  of  increase  in  pressure  drop 
across  the  pack  during  use.  In  this  case,  although 
the  pack  is  still  active,  it  may  become  impossible 
to  maintain  the  desired  rate  of  flow  of  H.T.P. 

(propel lant-gr«dc  hydrogen  peroxide-Ed. )  due  to  the 
increase  of  resistance  to  flow  through  the  pack. 

Such  increased  resistance  may  be  caused  by  the  de¬ 
position  of  large  amounts  of  non-catalytic  mater¬ 
ial  such  as  tin  stabilizer.  The  deposition  of  pre¬ 
cipitated  silver  dissolved  fiom  the  entry  end  of  the 
pack  can  also  cause  an  increaee  in  pressure  drop  if 
the  amount  of  free  space  provided  downstream  is  small. 
Increased  pressure  drops  have  also  been  observed  when 
large  amounts  of  silver  were  provided  on  the  downstream 
gauzes  (screen-Ed. ).  This  effect  may  result  from  the 
partial  fusion  of  the  silver,  causing  the  gauzes  to 
become  ’welded’  together  and  is  likely  to  be  accen¬ 
tuated  when  H.T.P.  of  high  concentration  is  used. 


450 


A  second  factor  leading  tc  the  loss  of  catalyst  pack 
efficiency  is  the  erosion  of  silver.  This  may  occur 
in  tvo  principal  ways;  (l)  When  the  adhesion  of.  the 
silver  plating  to  the  base  metal  of  the  gauze  is  poor, 
mechanical  stripping  of  silver  may  occur  at  high  flow 
rates  of  H.T.P.  through  the  interstices  of  the  gauzes. 
The  type  of  silver  catalyst  known  as  'activated  silver' 
which  is  a  loose  powdery  deposit  of  silver  made  by 
dipping  copper  gauze  in  amuoniacal  silver  nitrate 
solution,  is  particularly  prene  to  mechanical  stripping. 
(2)  Erosion  occurs  by  solution  of  silver  metal  in  the 
liquid  H.T.P.  near  the  entry  end  of  the  pack;  most  of 
the  dissolved  silver  is  redeposited  downstream  but  a 
small  fraction  is  blown  out,  and  this  leads  to  a  grad¬ 
ual  reduction  in  the  total  amount  of  silver  available. 
However,  more  important  than  the  gradual  overall  loss 
of  silver  is  the  fact  that  the  gauzes  at  the  entry  end 
of  the  pack  eventually  become  completely  stripped  of 
silver  and  then  cease  to  contribute  towards  the  decom¬ 
position  of  the  H.T.P.  This  leads  to  a  gradual  shorten¬ 
ing  of  the  effective  length  of  the  pack,  the  liquid 
phase  penetrating  further  towards  the  downstream  end. 
Eventually  the  penetration  reaches  the  downstream  end 
and  the  efficiency  of  the  pack  falls  rapidly. 

The  use  of  H.T.P.  at  low  ambient  temperatures,  and 
the  repeated  stopping  and  restarting  of  the  decomposer 
when  cold,  both  accelerate  the  loss  of  efficiency  of 
a  pack,  due  to  an  increased  rate  of  erosion  of  silver. 
Since  the  rate  of  decomposition  of  hydrogen  peroxide 
at  a  silver  surface  decreases  with  decrease  in  tempera¬ 
ture.  the  use  of  a  decomposer  at  low  temperatures  in¬ 
volves  a  greater  penetration  of  the  pack  by  liquid 
.H.T.P.  and  in  consequence  a  higher  overall  rate  of 
solution  of  silver.  As  mentioned  above,  the  rapid 
starting  of  a  decomposer  involves  a  greater  pene¬ 
tration  of  H.T.P.  than  occurs  during  steady  'running, ' 
and  there  is  in  consequence  a  higher  rate  of  solution 
of  silver  during  the  starting  period.  Repeated 
stopping  of  the  decomposer  and  restarting  when  it  has 
cooled  down  will  therefore  lead  to  an  overall  higher 
rate  of  loss  of  silver  than  occurs  during  a  continuous 
’run.'  It  is  also  a  consequence  of  the  greater  pene¬ 
tration  of  liquid  during  a  start  that  a  decomposer 
which  is  losing  efficiency,  but  is  still  usable,  may 
not  restart  satisfactorily  from  cold  if  the  'run'  is 
stopped  at  a  late  stage  during  its  potential  life 
under  continuous  'running* conditions . 
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In  connection  with  the  erosion  of  silver  it  is  nec- 
eaarry  to  consider  the  phenomenon  known  as  ’channel ing/ 
which  is  the  term  given  to  the  preferential  erosion 
of  silver  over  certain  parts  of  the  gauze  area.  As 
a  result  of  bhanncling'  the  gauzes  become  completely 
stripped  of  silver  over  certain  arcaB  whilst  the  rest 
cf  the  gauze  still  retains  silver.  This  process  in 
turn,  leads  to  penetration  by  undccomposed  li.T.P. 
along  the  channels.  This  condition  brings  about 
very  inefficient  usage  of  the  available  silver  on 
the  pack,  since  once  a  fchuunel'  has  been  produced 
the  li.T.P.  begius  to  flow  more  freely  along  it  than 
through  other  parts  of  the  gauze  area.* 

Channeling1 is  caused  by  two  principal  factors,  (l) 
irregular  distribution  of  li.T.P.  on  the  gauzes  by 
the  injector,  and  (2)  the  cooling  effect  at  the 
periphery  of  the  gauzes  due  to  loss  of  heat  to  the 
surroundings.  The  presence  of 'channeling 'due  to 
irregular  distribution  of  li.T.P.  is  noticeable 
when  an  injector  consisting  of  a  number  of  holes  in 
a  plate  is  used,  as  each  hole  in  the  injector  1b 
matched  by  a  channel  on  the  gauze  in  the  entry  end 
of  the  pack.  The  cooling  effect  at  the  periphery 
of  the  gauze  leads  to  a  somewhat  lower  rate  of  de¬ 
composition  in  this  region  and  a  greater  distance 
of  penetration.  This  leads  to  more  rapid  erosion 
of  silver  at  the  periphery,  and  'channeling'  along 
the  walls  of  the  decomposer. 


Finally,  it  is  necessary  to  consider  a  third  factor 
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namely  loss  of  activity  of  the  silver  catalyst. 

This  may  occur  in  two  major  ways,  (l)  by  the  cata¬ 
lyst  becoming  covered  with  a  layer  of  non-catal ytic 
material,  or  (2)  by  direct  chemical  poisoning' of 
the  catalytic  surface.  The  first  type  of  effect 
occurs  whenever  non  catalytic  material,  such  as 
alumina  and  tin  oxide,  is  deposited  on  the  gauzes 
downstream  thereby  reducing  the  efficiency  of  con¬ 
tact  of  li.T.P.  with  the  catalyst  surface.  The  sec¬ 
ond  type  of  effect  occurs  when  the  li.T.P.  contains 
contaminants  which  reduce  the  rate  of  decomposition 
at  the  catalyst  surface." 


*£ditor's  Note:  It  is  also  believed  that  channeling  can  cause 
recirculation  of  the  hot  decomposition  gases  within  the  cata¬ 
lyst  chamber.  These  gases  can  preheat  the  liquid  stream  enter¬ 
ing  the  catalyst  bed,  which  results  in  an  increase  in  the  normal 
decomposition  temperatures  in  the  bed.  This  increase  in  tem¬ 
perature  is  a  probable  major  contributor  to  the  failure  of  the 
present  silver-screen  catalyst  packs. 
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7.2.2 


Thermal  Decomposition 


The  use  of  self-heating  thermal  chambers  to  maintain 
controlled  decomposition  of  hydrogcu  peroxide  has  been 
limited  to  laboratory  studies.  In  the  thermal  coucept, 
tbe  desigu  of  the  decomposition  chamber  in  similar  to 
that  employed  in  packed  bed  catalytic  chambers,  except 
that  the  chamber  material  is  selected  on  the  basis  of 
thermal  conductivity  criteria  rather  than  for  catalytic 
activity.  The  thermal  pack  is  heated  with  a  "pilot 
light"  either  by  diverting  a  small  flow  of  hydrogen 
peroxide  through  a  small  catalyst  chamber  (and  direct¬ 
ing  the  decomposition  gases  into  the  thermal  bed)  or  by 
hypergolic  ignition  slugs  of  fuel  and  oxidizer.  When 
the  thermal  bed  achieves  n  suitable  temperature  level, 
the  main  flow  of  hydrogen  peroxide  is  initiated  and  the 
pilot  flow  is  terminated.  The  assumed  advantage  of  this 
operation  is  au  elimination  of  most  of  the  problems 
associated  with  the  effects  of  temperature,  poisoning, 
and  erosion  in  the  catalyst  bed. 

This  concept  was  investigated  with  both  98  w/o  (Ref.  7-19) 
and  90  w/o  (Ref.  7.11 )  hydrogen  peroxide  and  found  to 
have  limited  usefulness.  Although  decomposition  could 
be  maintained  with  small  bed  loadiug  rates,  large  pro¬ 
pellant  flows  usually  quenched  the  decomposition  process 
within  3  to  5  seconds  after  "pilot  light"  termination. 

It  wao  concluded  that  the  slow  rate  of  thermal  decom¬ 
position  of  hydrogen  peroxide  cannot  compete  with  the 
rates  obtainable  with  catalytic  decomposition. 
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In  Addition  to  the  references  actually  used  in  compiling  the  data  appear¬ 
ing  in  this  handbook  (these  references  are  listed  at  the  end  of  each 
section),  many  other  articles  and  reports  were  reviewed.  These  addi¬ 
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information.  In  addition,  several  general,  secondary  references  contain¬ 
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